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o rules
- .to help conserve fuel
- In schools

Lower thermostat settings to
“sweater comfort” heating.

Avoid blacking heating verits or air ‘-
return grills with furniture or drapes.

-Control room temperatures with -
thermostats not by openlng
windows.

4 Use limited number of Qutside doors—
keep doors closed when not in use.
5 Reduce fresh air ventitation ( |

to the minimum required by
state and .local codes.

'

Turn off unused lights and
.electrical equipment

Ve, Establish a program of preventive
' maintenance for heating, water
heatlng and food service equipment,

. GOOPERATION CONSERVES ENERGY!
| S /
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DISGLAIMER

-

The contents of this manual are offered as guidance.. &either~

the Louisiana Depaqtment of Natural Resources, nor any of its

A

~empléyees, nor any of its contractors, subcontractors, or their
£
v h

employees, and all technical sources referenced in this manual

make any warranty or representation, @ipress or implied, with
—

respect to the accuracy, completeness, or usefulness of the

information contained %g,this report. We alsd do not guarantee

- v ¢

that the use of any information, apparatus, method or -process
disclosed in this report will not infringe privately owned rights;
Oor assume any liabilities.with respect to the use of, or for

+ damages resulting from the use of any. information, apparatus,

.method, or process disclosed in;this report. This report does not

reflect official views or gplicy of the abBove-mentioned institu-

-

tions. Mention of trade names or.commercial products does not

~

constitute endorsement or recommendation for use.
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_of living. .

EN |

Conservation isipresently thesonly real alte?kétive we have to the energy
problems that confront us. No longer can we rely on the efforts of business,
industry, and government to solve this complex problem. An effort by all

sections of socnety is necessary in order to mannta|n our present standards

. . » . . .
Educators have the unique opportunity to help instill conservation awareness
in our society, since they are involved with the education of our young people.
"Given the proper guidance and instruction, these students will mature to .
become eneérgy conscious decision-makers of tomorrow.

. ~

The information and activities qontained'in this guide will better equip
children to include conservation as a part of their daily lives. This can

happen if we make energy conservation an integral part-of the total curricu]umi"

This guide is designed as a resource reference so that each school can design
its own conservation awareness program. The personnel from the State Department
cf Education will be happy to assist you with your program in any way they can.

Sincer ly,‘
(7]
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.

Dear Teachers:
~\ . . .  h .

The -responsibilities of today's teachers have gone beyond giving our children
bdsic knowledge in the traditional curriculum studies. You are now faced.
with preparing our future citizens with information that will affect the -

" . quality of 1ife in America for generatians, to come. ‘

. ¢ 4

Perhaps the most important areas in education--for both students and the’ -
“general public--are.energy preduction’, energy use and energy conservation.

It was with the idea.of providing our teachers with the information

available that this turriculum guide has begn developed. ‘.
I sifcerely hope that you and your students will benefit from this guide,
-and that it will give our country's future adults the knowledge they will need

- to keep the standards of 1iving our cogntﬁy has enjoyed. - N

\ P—

Sincer ]y? w -
%Zé&s%) -, . “ _
FRANK A. ASHBY, JR. _

Secretary )
\ * -, _

.
‘.

FAA/DCD/pam - . - i ‘ BN

P.O. BOX 44396 . BATON ROUGE, LA, 70804 . PHONE 342-4500
P
NATURAL RESOURCES BUILDING -
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HOW TO USE THIS GUIDE s -

~ .

The activities and information in this curriculum gquide can

be organize%,into an intensive unit or can be used individually in

‘ongoing discussion’ and exoloratibn. -These materials are meant to
span grades 9-12, allOW1ng ‘the 1nd1v1dual teacher to select those

activities that best suit the subject area and spec1f1c needs of!

the students. Sectlons w1tHln the' guide provide backgroun%xmaterlal A

for the teacher followed by student activities 1n various curricula:
W s

art, language arts’, social studies, music, mathematics, and variou%"

*

science courses. Activities may be adapted forﬁuse in d1ver51f1ed

areas. They are intended to be a starting p01nt of 1nvest1gat10n

. "
3 L

4
for both teacher and student into the very pre751ng issue of energy

-

and all of its implications. The blbllography and resource materials
sectlon provide add1t10nal sources for teachers to 1nvest1gate thlS

complex subject. . T .

This energy publication has been deveioped to increase aware-
ness and understandingtof the energy situation and to encouragé’
each individual to begome.an/energy conservationist. -fhe material
hgs been designed with' an‘interdisciplinary, non sequent1al ap-
proach and an attempt has been made 40 prov1de a flexlble\docnment
which may be altered to fit local needs. . '

-5
<

. / ..
b vii
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Sl RATIONALE -.
R s . -
. Of all the‘environmental problems we’ face, the energy
problem--how to prov;de enough energy to keep America runnlng ’
. ~ =

w1thout further polluting it--is perhaps the greatest. The naed

7

for conserv1ng energy will affect each of us in how we llve,

°
< 3 . b

() work, travel and play. , : s :

-

.

' .
v N
To educators the energy crisis is an opportunity for further

L]

service‘to seciety. It reflects a set of problens thatfdemand

changes in ettitudes—-values, lifestyles, end'methods o} huilding

-

. const?uction that will require many years to g&hieve. If~énergy

~
-~

conservation is properﬁy taught, it can bring to the forefront the/”

moral and’ethical values that have ‘taken second place jin s
. . ”

strategies in their formatlverears, the future is bleak. v

1
-,

: - 1 \
,O0f our lives. Unless the students today learn'problem-solving

Loulslana is one of the most dynamic, fastest—grow1ng states

‘%
in the nation. It contalns some of the rlchest dep051ts of oil

and natural gas in the country. It is our de51re that'our state

continue to be a leader in théeenergy field by iﬁplementing a suc-

©

_cessful energy conseyvatil§ progrdm. .

The energy crfeis can be the'most effective teaching &id

of the decade. It can serve as a motivating device by addressing”

- [

issues most.fuﬁdémental to- students such as where they live, how

they get to §chool, where they will work after they graduate*
4 - "
’ The:ifbre, it is to this end that.this guide has been
develo ?

.to provide teachers and students with the means to

¢

"9 .. ’ ’ . . .
_learn about energy and h to conserve it. ¢

2

- ' &

-
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ENERGY IN LOUISIANA ,
{ .
joyed an enviable position among her
©  sister &tates in the preduction of energy.” And, in 1980, that
'~ place of esteem remaifis intac¢t; the state ranks first in the
nation in the prod@ietion of natural- gas ahd second in oil pro-
fduction. ) - .

.Louisiana has always

- . v - ¢
4

Loutsiana is’not only the hirthplace of of fshore.drilling,
but also dominates that scene. Except for gas used by the city
of New Orleans, all of the oil awd gas produced off the shores
‘of Louisiana is shipped oufl_of state; and 50 percent of oil and
.gas pfoddced within the/stagf is shipped also. The remaining
products are processed by pétroleum refining complexes in the
state, the third largest refining district in the country. There
. are thirty refineries in Louisiana capable of processing 2.5
million barrels of oil a day. One of these complexes is the
" second slargest in the United-States apd is the most diversified:-
refinery in the world; for it can produce a wide variety, of
petrochemical pfoductsf“ Even though the production of o0il peaked
in 1971 and has been slowly declining, the discovery in the
Tuscaloosa Sands, mainly in-East Baton Rouge,. West Baton Rouge,
. and Pointe Coupee parishes, has boosted the production in'Louisiana.
" This find is projected to be the largést oil and natural gas dis-
discovery in this country. o,
* Louisiana's nation-leading gas production is estimated to
be 7.2 trillien cubic.feet of natural gas per, year.’_ It is
further estimated that the state has the potential for 45 trillion
cubic feet of natural gasareserves.

Louisiana's role in oil conservation is as important as it
is in production. For instance, five of the six sites selected -
for the Strategic Petroleum Reserve are located in Louisiana.
The specific¢ sites, the amounts stored as of February 1980, and
the capacities of these state-based storage areas are .indicated

. below, : . ) : ’

~

*

- 4 . .

. : : Amount Stored Capacity
SITE . (million .barrels) (million barrels)
* 1. Bayou Choctaw . 28.7 36.0

(Iberville Parish) 2, T

2. Sulphur Mines . 0w < 22.0
(Calcasiel Parish) ‘ . o

+ 3. West Hackbérry 30.7 ¢ 50.6
" (Cameron Parish) ) ‘

4. Weeks Isltand N N/A ) 75.0

" .(Iberia Parish) ‘ .

5. St. James Terminal _ N/A - " N/A
(St. James Parish) _

‘ -
»
’ ” ‘
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The target of 750 million barrels of oil reserves is scheduled
for full implementation by 1985. This 1mplementatlon&w1ll involve
not only the previously stated sites, but also sites under con-
struction*at Cote Blanche and Napoleonville, each with. 30/mllllon
barrel capacities. .

These Strategic Petroleum Reserve projects ensure America a
valuable energy supply in the ‘event of a future crisis in il pro-
duction and/for attainment. . < < o

}

In an effort to take a poxyg to the large supertankers .
delivering crude 0il from abro , the Louisiana Offshore 0il Port,
known as LOOP, will begin operation by mid-yearj, 1981. This,
the nation's first deepwater port capable of directly unloading
crude oil frem supertankers, is expected to reduce greatly crude oil |
transportdtion costs because of the remarkable economles of scale
engineered into these’'large vessels. Comlng from Saudi Arabia,
Nigeria, Kuwait, Egypt, Qatar, Abu Dhabi,-. Algerla, Oman, Libya
and the North Sea, o0il for the LOOP Deepwater Port is expected to
come from approx1mately 330 ships to the facility in its first year
of full operatlon

The ent1re LOOP system will include 19 miles of offshore
pipelines and 28 miles of pipeline through the marshland between
the -shoreline and the Clovelly Salt Dome, where crude 0il will be
temporarily stored.

The first stage’ facilities have a design capacity of 1.4
million barrels of throughput per day. (There are 42 gallons to
a barrel.) Approximately one—half will be piped to refineries
in the Midwest.

.

LOOP is a corporation owned by a group 6f o0il companies:
Ashland 011, 1Inc.; Marathon Plpe Line Company; Murphy O¥l Corpogrationy
Shell 0il Company, and Texaco, - Inc. .

-

Unlike salt cavity oil storage in other parts of the world
and in this country,.the Clovelly Balt Dome Storage Terminal will

~ be used for worklng" storage. Oil from the various cavities will

be pumped in‘and out on almost .a daily basis, just as is done w1th
a traditional above-ground tank farm at a refinery.

Typically, oil leaving the Clovelly Salt Dome will head north-~
west through the 48-inch diameter LOCAP pipeline, which will con-
nect the dome storage cavities with the St. James terminus of
CAPLINE, a crude oil,pipeline serving the Midwest. From there the
oil w1ll either be plced to refinéries 'in Louisiana or sent up
the CAPLINE system .Because of CAPLINE and adjacent crude 0il pipe-
lines, when in operation the LOOP\Beepwater Port will be connected
with over 25 percent of the nation's refinery capac1ty

The Ldbuisiana Department of wWildlife and Flsherles is engaged
in an ongoing environmental monitoring program of all LOOP:activities.
It will measure the environmental effect of the operations and any
oil spllls 1f they occur.

Q‘

-

El
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. In August 1977, LOOP became the first organization to accept :
federal license requirements for building a deepwater port. Al-
though -other possible deepwater ports are planned for thé United
- States, the LOOP project is the only one under construction. Total
cost of the completed project is expected to exceed $600 million.

In addition to, these clearly marked places of distinction,
¥- Louisiana is also a leader in the pioneering and developing of
solar energy. For instanceé, there dre hot water heating systems
located on the campuses of Louisiana State University in Baton
Rouge and Loyola University in New Orleans. Moreover, there are
extensive solar energy projects at Fort Polk, including a solar-
heated and cooled apartment complex; and a dining facility and
hospital which employ a so¥ar ‘heating system as do several indi-
vidual homes across southern Louisiana.

’ Although Louisiana has no potential for the development of
energy powered by the wind, a coal-fired electric generating plant
in St. James Payish is scheduled for operation by Léuisiana Power
and’ Light by 1988. The coal for this facility wiIl be floated
down the Mississippi River from St. Louis, Missouri. Furthermore,
lignite coal deposits discovered in DeSoto Parish make possible
agother avenue of coal-produced energy for the state., .

4 —- N
With a commercial operation date of March 1983, Louisiana
,_nger and Light: expects- the nuclear power plant under construction
. at™Taft to aid greatly the struggle for America to regain its energy. -
independence. Called Waterford Unit 3, the facility at Taft is '
- projected for fuel, loading by October 1982. Similarly, Gulf States
Utilitiés has scheduled April of 1984 as the projected. date of com-
mercial operation for its nuclear station, River Bend, located in
. Wes% Feliciana Parishk.> These two giant energy-generating facilities
will enable Louisiana. to join other states as a leader in nuclear
- power. . i .

With some service stations in Louisiana already.pumping gasohol
¢ as a viable alternative to the gasoline shortage, the Great Western
Sugar Company of Reserve has announced plans to build a $350 million
plant for production of alcohol to be blended into gasdhol by .
Louisiana refineries. Using yellow corn as its basic raw material,
. this plant will allow Louisiana to compete with®™idwestern states
in the produgtion of gasohol.

Finally, Variodg other methods of energy production are in
both operating and experimental stages in the state. Some companies
* in Louisiand are obtaining energy by recycling steam or hot water
, créated in one section of the plant whose processing is done and
using it to produce héat for the plant or for fuel. .

In conclusion, due to its rich supply of natural resources and ///
the intense desire of its citizenry to excel, Louisiana continues ° ’
" to occupy an esteemed position in the areas of energy production

and conservation. .
‘ ° [

\)‘ . \. : . Xi17 -
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~ their labor through ‘the use of tools., Early hunters used tools

" for agriculture and were able to produce renewable crops. The

ditions.

. metals and use fire to forge_ them into tools and weapons. First

_grain. The ‘power of the wind& was used for ships, and fire from

ENERGY BACKGROUND:

-
»

From earliest history, human beings have sought to minimize .

a

to kill animals, and thereby stretched their own biological

energy, derived frem sunlight in the form of foeod, to get more

W

-

energy from the bTson and mammoth: &
The most vital discovery during the stone age was how to.
make fire.

During the laterumeolithic period, humang used stone tools

first stable communities began to develop, and various forms of

housing were built. These primitive.dwellings were designed to
~ ——

meet the climatic needs of the area in which they were located*\\\\\\\\‘
. »

Thus communities could flourish, since the population did not have
4

to migrate with the seasons to escape unfavorable weather con-

-

®

Further technological progress brought the aullity-to'mine
came copper, then bronze,MWhich is a mixture of copper and tin.
Following the Copoer and Bronze Ages came. the Iron Age, which may
have begun in Africa or the Orient about 2400 years ago.

Before the time of the Greek and Roman c1v1lization, the . —
only significant energy sources were natural ones. The power of

falling water was used in basic industry, agriculture and grinding
v . '

the burning- of wood was the major energy source-for industry.
{

[}

Much of the mining and mechanization in early cultures--and h
: . >

o

18
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certainly in Greece and Rome--was for the burpose of imprioving

S

]

weapons for war.

The major spurce of energy in both Greece and Rome was

the energy of human bodies-vparticularly slaves. From the Greek

and Roman era to the beginning of the Industrial Revolution,

1

sophisticated tools were developed, but they were powered by

humans or animals. Yet the idea of a heat engine--a device that

/
L]

would use heat to do work--had been envisioned as early as 75 A.D.

by the Greek inventor Hero.‘ He made a toy which would spin as

’

steam was expelled through vents.

Toolmaking and architecture were the‘primary developments
between the fall of the Roman Empire and the last few years of
the %7th century. ' Many significant‘inventions were developed
during this time. This was theiélme of Leonardo da Vlncf, but
the appllcatlon of his mechanical discoveries was llmlted by the
absence of energy sources. Technical advances during this time
included the printing press.and the mechanical clock.
= These years in European history were an era of great in-
tellectual and scientific advancement. This was the dgwn of
Galileo's physics:\Keéler's astronomy, and the mathematics and .
philosophy of Spinoza, Descartes,éand Newton. -Some of the great

o . .
- laws,of nature were conceived. The spirit of the era was dis-

-

covéry--of the world and ‘of applied science.

K\T\\\\\\\\\\;But to”brinq-about the era of modern technology, .an engine
. T <7

was, necessary that could use an energy source and produce useful

work. The water mills and X}ndmllls were limited to speclflc

sites, and there was no way known to transport their energy to

where it was needed. By the end of the 17th century this-engine

. : 2

-~ /
. e
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"In 1698, Englishman Thomas Savery obtained a patent

for a machine which used fire to bpil water, generating steam

appearea.'

His steam

]

* ¢ * . Y < 3 . 3 .
in a boiler for use in draining water from mines.

engine pump was soon improved upon and these engines made pos-

sible the deep mining of coal, which had previously been hampered
- - ' )

because of the buildup of underground water in the mines. '

- B2
Englishman James Watt patented a vastly improved engine in. . _
and by this time the steam engine had become the forerunner

~

1782,

of . mechanized civilization.
L)

and supplying power to textlle mills, rolllng mills, and flour
o

A later breakthrough came with the development of engines’

They were used for pumping water

Mills,
"that could use high pressure steam,_makind the enginés much ﬁS?gT/F,

efficient. With Rbbert Fulton's successful operation of the steam-

. ‘ . . 9
poat Clermont on.the Hudson River in 1807, and Richard Trevithick's

use of a steam locomotive to transport coal in Wales, the modern

+

,era of mechanized transéortation began.
Little was actually understood about the theory of these

engines until the rise of the science of: thermodynamlcs. _When *

.these scientifie principles came to be understood, bigger and

~
&

better enginee\could be built\t

Up until the second half of the l9th century, the Unlted

ponon - ‘

ad’

energy sources were primarily muscle power of h mans

bt
wind, wood, and falllng water.

_ States'’

and animals, along wit Ninety .

percent of the fuei burned in 1850 was wood Coal acco*nted for

. only 10 percent, desplte the presence of plenty of coql and the
technology to use it. The extensive cutting of forests in the

east raised ‘the price of wood and increased the distance that

~

it had to be transported.to the growing cities. ‘So the .demand

L)
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for coal sky rocketed until in 1885 coal surpassed wood as the
LS ‘ .
rdomlnant fuel. In 1885, coal was used to fuel the railroads,

to make coke for,the steel incdustry, to power miscellaneous
ihduetries, and to providevresidential fuelz' Coal was to remainl
£he dominant‘fuel well into the 20th century. o . a
Durlng the l8005, pressure increased"for better and cheaper
lightlngvmethods. The various 01ls burned to produce llght were-
. ”
expensive, explosive, or otherwise unsetlsfactory. England had
developed a co&h gas pipeliﬁe network forlsightihd} but the
stattered population and dndeveloped coal industry in the United

L]

States made such ‘a network generally imoractical. Finally, an

Englishman, devised a method of producing oil°from4c0al,'Which he
. called ooal oil or’kerosine.’ By t e late 1850s, there were
many kerosine plants in the éasterh 0.8 "Then.some oeoole
began to notice a~resemblanoe between'the kerosﬁn%faﬂd the largely
uselese Jrock 0il" that came out~pf springs apnd wells in western
Pehnsylvania. In 1857, a YAle chemlstry professoi hired by a
group of Pennsylvania éntrepreneUrs called the Pennsylvanla
Rock 0il Company, gave his report on some of thls,oil. He con4
oluded that some "very valueble products" mioht begmenufactured
from it. Drilling, rather than %&gging, turred égt.tO'be the best
way of getting to the oil, ‘and so~in September 1859, in Titusvllle,
Pennsylvania, oilmwas strfém\et;a ‘depth of 69 feet. This was not

v

the first oil well in hlstory——the potentlal value of oil had

.
-

been recognized ceqturles before. But 1t was only in the Westérn

ipdustrial world of the time that science, technology, and soc1ety
’ ,;,: * . ., .
~all came together at a point necessary for oil to be exploited

e N -
. . -
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as the oncentrafed fdé{\that would eventually replace coal.
, . - S .
The crude o0il was made mostly into kerosine. Some of the R

-~

. other products were lubricants, necessary for increasing mechani—

zatloﬂt and’ fuel 011 whose use grew/a itdbegan to replace coal
.'for firing b01lers for steam ggneratlo }
N ‘. { .
. The use of steam for railroads and ships was a great step
{ . > . i .

for transportation, but coal was too bulky and inefficient for

use in any smaller scale vehicles. What was needed was a smaller

A _ . o
engine. In 1870, inventors began testing an ehgine using gasoline .
. ] o
in a compressed air-gas mixture. Up until this time;, gasoline
3 « ‘ L

had beeﬁ a generaily useless by-product of kerosine refining. \
Iﬂr1887, a gasd}ine-fueled engine was adapted to vehicles and

the first Benz automobile wasépatenfed. This engine was the fore-
, <

runner of all internal cbmbusﬁion engines in operation today., By -

*

l900, many automobiles had been bullt in the Unlted States, most

(

of them steam drlyen or electrmcally powered. But the 1ncrea%1ng
! avallablllty of both fuel and lubrlcants for gasollne piwere

L

automobiles speeded their develmeent. They were light, "ma-

-— Ay

* neuverable, fast, and competitive in cost. In/l%OO, the Oldsmobile

switched. from. steam to gasoline, and three years later, Henry Ford.
: . S o>

introduced his gasoline-powered automobile. His mass-production

* stechniques revolutionized industry. -

A milestone in energy history oceurred in 1879 with
IP v, ° 4

Thomas A. Edison's electrlc llght‘v Edlson himself, powever,

saw 'his .own greatest achleJEment hot "as the llght itsélf, but as
¥ . -
- the world's first electrlcal powe;-generatlng and distribution

system. In:1882; he supervised.tﬁe=building of this system to
7y
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light I200 lamps/an a one-half square mile area in New York City.

Edison s generating station consisted of four bOilers which pro-
-
duced steam to power six generators,

Electricity made it possible to deliver énergy to distant

¥
sites” cheaply and cleanly. It essentially put the steam engine

- at the dispos}i of every home, bhsiness, and industry in America
and much of the 'Western world. . ) >

!
Shortly after Edison's station began to generate electricity,
beg g :

water wheels began generating the nation's first hydroelectric
v : .
power in Appleton, Wisconsin. ) '

.

As electricity became more widely available, the kaber of

electrical devices grew dramatically. Work that was previously

done by muscle power could now be done by the new "labor-saving.

v
v

devices," and” mechanization of the home was underway.

The latter half of the 19th century also saw a series of
.'}nbentions which led to farm mechanization., These inventions
included the reaper, the harmester, and the twine binder. ;Such
inventions were necessary to develop the agricultural base to
support the.high—energy society that was rapidizlevolving.
‘ "Energy use in the United States grew -8ramatically in the
first‘decades of the éOth century. - The number of automobilesr
increased at a remarkable pace--from 8,000 in\1900, to 194,000
in 1908, to more than 8 million in 1520. Electrical power gene-
ration increased at an amaZing pace——by 1917 .electric consumpt;on
-was more than seven times what it had been in 1900, Factories o

had found electric power especially suited to the concept of the

\ s
assembly line, and the number of electric motors soared. Electricity .

9




. . . A
thus made practical the mass production:of appliances, which

were themselves electrically powered,. . . *

s

Total energy use in the Unlte%_States grew much more slowly
after World War I, and the shift- toward oil continued. 0il over-

took.coal as the dominant fuel just after world War II, and has

»

contlnued to claim an increasing, share of the market. This Shlfg

“to oil was brought about by the grow1ng use of the automoblle, -

k)

-

and thé switch fwom coal to fuel oil for residential heating and -
powering trains. Gasoline's share of the petroleum markKet increased

very ‘guickly. Two -other _uses of fuel also increased sharply dur-

N,
S,
S,

ing the\years from thé 30's to the 50s --éﬁﬁation and farm equip-

ajor petroleum product belng,produced was thus changlng
% .

o fueI Oll to gaSOllne to accommodate the changlng

> meht The
from keros1ne
patterns ‘in cons tion. <There was also a large intcrease in the
use of asphalt, another oetroleum product to pave roads.
Geographic areas of oil productlon were’ also changlng from
Pennsylvanla and.nelghbor g Ohio’ and West Virginia, to California
_and Oklahoma, and then touﬁe as and Lou1s1ana. . |
: Natural gas, which is often'found in conjunction with 6il,
was mostly whasted until the.late 1920s when it became techno- -

. . 4 I
logically feasible to.lay'the pipeline to iransport#it. Natural
gas was clean-burning, convenient, and'cheap, and it thusibecame

.'the nat%gh‘s primary household fuel by 1960, Gas also found use
‘in industry, and for electrical power generation.

After World\war I, as the number of electrical appliances
multiplied, growth in electrical coOnsumption accelerated, although/_
overall energy growth was slower, From the beginning of World '
War I, total electrgg power demand has beeu'doubling every 10. years.

24 '
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In the ¥920s and 19305, coal was the fuel for about two-thirds
the rest. The shift to Oll and natural gas had changed thlS

- 45 percent; hydroelectric power pr0V1ded 17 percent; natural gas

has appeared everywhe

"population explosion." Air. conditioning, central heéting,

of ‘the electric power generatedy with.hydroelectric power providing
L

ratio 51gn1flcantly,4by 1970 coal had dropped to about

™

accounted for almost 25 -percent; oil, about 12 percent; and a

’ >4

newcomer to the fuel scene, nuclear power, provided abput 1 per-

cent.

/

.

At the beginning of the 20th century, scientists- e lnvesti-

gating the rays. giveﬁ off by ra 'um. In 1905, Albert Elnsteln

déhonstrated mathematlcally the relatlonshlp between mass and

. -

enerqgy, although it was decades before this theory could. be
proved. (On Deceﬁber 2, i§42, a group of scientists headed by Dr.

LS

Enrico Fermi gathered under a squash court at the University of /
‘ /

Chicago, where the- first controlled nuclear reaction occurred.

e iere b : , - s
Scientists have since been working to safely harness that tremendous

g
1

nuclear energy for the generation of electricity. fThe nation's:

first prototype nuclear power plant was built at Shippingport, - -
Pennsylvania, . o \
! In thé'year since World War II, energy consuming technology’ v

E. During this period; a huge fleet of

?

passenger airplanes has developed; there has been an automobile

~telev1slon, clothes washers and dryers are generally thought of 7

as nece551t1es, not luxurles. A mechanlzed agricultural industry

> ‘\

uses tremendous amounts of energy. ' The various englnes that per-

" form Amerlca s work produced 7.5 times the number of horsepower in

w -~
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1971 as they did in 1940, while #he—umber of peogple in_the

country increased by only 54 percent.#Even with ‘the slowing pop-

ulation growth, more and more ®hergy is 'being used.
Our colntry now has a fossil fuel ec nomy. We use these :
fuels not only Ro produce energy, bt.:lt'alio as'a basic raw

~ N
material for plastlcs, Dest1c1des, and synthetic organie

chemlcals. Everyone alive today was born years after th;gj;ossil
fuel epoch began, and we have tended to act as if we ekpect it to
go on forever. But Dr. M. K. Hubbert of the U.S. Geologlcal

Survey estlmates tHat in a perlod of only, 1300 years from™

\J

beginning to end, humans w%ll have consumed the world's entire

.

available supply of fossil fuels. T ) .

-~

Thus the world today,is on the brink of transitibn from the

fossil fuel age to some‘future energf era. As we have seen from

this dlscq551on of energy hlstory, humans have moved from=ene

fuel epoch to another, not because the o0ld source was depf‘f@d

‘but because somethlng bethé had been found to take its place..
N :

4 ® e

Discovery of the new preceded depletion of the old. People .

did not run out of muscle or wind or anipmals, they simply found

t -

sométhing better. But this time there must be a change to some

other energy.forﬁ, and in the meantime, until the transition is

made, we must conserve the fossil fuel resources we have by" cut-

ting down wasteful uses and increasing the efficiency of what we
> f

3
do need to use. 5 ¥

-
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THE DEMAND FOR ENERGY

WORKD ENERGY CONSUMPTION ' I .

Energy, the ability to do work, is the basic building
block of civilization. People's use of energy once came only
from their own muscles. Later humans learned to use fire to
keep warm and cook food. Then they learned to use the enerqgy
of the wind in sailboats and windmills, the-energy of falling
water in waterwheels, and the energy of animals to work for
them. Today we use a great variety of*energy resources, and
in doing so, we are able to control many of the events which
affect our lives, and thus raise our standard of living.

. A country's standard of 11v1ng is directly related to its
use of energy. The per caplta energy consumption for a country
S\Eggﬁtotal energy consumption of that country divided by its
popu ion, .and is thus the average amount.of energy used by

each person in the country. The United States leads the world

in both energy consumption and standard of living. 1In fact,

with only about 6 percent of the world‘s‘populatlon, the United
States accounts. for about one-third of the world's energy con-
sumptlon. Other industrialized countries of the world follow the
U.S. in energy consumption, while the developing countries show
the smallest energy consumption, corresponding to lower standards
of 11v1ng.

»

J
’

Thus, it appears that in order for the developing countries
of the world to raise their standard of living through increased
_food production, improved sanitary conditions and increased avail-
ability of manufactured products, they must increase their per capita
energy consumption. It also appears that a continued high per
capita consumptjon of energy will be necessary to maintain the hlgh
standard of 11v1ng that the United States and other countries enjoy.
This increasing demand for energy by the world's population is
one of the 'reasons for the current _energy- shortage and the increasing
cost of energy.

In addition to an 1n¢rea51ng per capita consumption of energy,
we must consider the world's increasing populatfon. At the beginning

_of the Christian era, there were 200 million to 300 million people

in the World. It took about 1600 years for the population to double
to 500 million. The population doubled again to one billion by
1825, in the next 225 years; during this time the f#rst industrial

. revolution, based on steam power, started, allowing the world to

support a larger population. By %930, world population had doubled
again to two billion.in only 105 years. During this time, the
second industrial revolution, based primarily upon the development
and@e of eléctr1ca1 powey/, .took place.
“In the: 45 years since 1930, the population has doubled agaln
to four billion. During this perijod, medical advances have ig-., .
creased life spans, causing even greater population increases. - SSme °
forecasters predlct that the world populatlon may well double agaln

L)
o

, A X 2%

<




. . By »

before the yeaxr :2000. & ‘
‘Most of this gain will take place in the underdeveloped

regions of the world. Thus, these countries have an especially
hard task. °Since they have so many more people, they must in-
crease their energy consumption oy a tremedous: amount to in-
crease per capita consumption. * -

The effect of growing per capita consumption and rapidly
expanding population has been a great increase in world energy .
consumption, which illustrates the rise in energy deman8ls in- _
cluding some predictions for the future. Theademand rises so
fast that it goes off the top of most graphs by the year 2000..

A standard measuré of energy is the British Thermal Unit
(BTU) , which you have probably heard in descriptions of the ,
capacity of heaters or air conditioners. A Q is a billion billion
BTU%s, of energyh-t?gﬁ is’, a one_ followed by 18 .zeroes. It can
also written 10 BTU. One Q is an astonishingly ‘large’ amount
of energy. To put it into perspective, the total world cgnsumptién
of energy in 1970 was 0.2Q, while the U.S. consumption was 0.07Q.

Most energy 'is obtained from the ithree major fossil fuels:
coal, oil and natural gas. These materials, deposited on the
earth hundreds of millions of ye€ars ago represent the fossil
remains of ancient.forests and peat swamps. The use of fossil
fuels .increased rapidly, starting with coal about 800 years ago,
followed by o0il and gas at the beginning of this century. ' For the
last hundred years or so, fossil fuels have accounted «for most of
the world's energy consumption. Coal, o0il and ﬁatural gas will
be supplemented in the future by petroleum products from sources
such as o0il shale and tar sands. Fossil fuel use is leveling off,
and, within a hundred years, is expected to begin a rapid decrease.
This- decrease will be caused by the fact that the world's fossil
fuel supply, which is not replaceable, is being used up rapidly.
Other energy sources must be found to f£fill in the gap between
world energy needs and dwindling fos$sil fuel supplies. .

A

at

Prior to 1850, most of the world's energy was supplied . by
the three W's--wind, wood and water. These are still used todqy,
but even expanding their use could not make up the difference
between worldwide needs and the available supply of fossil fuel.
This is the reason for the increased emphasis on research into other
energy sources. - " ’

ENERGY CONSUMPTION IN THE UNITED STATES o N

< Covering 400 years for the United States, Figure 4 shown -
on the following page gives a more detailed breakdown of the
various energy sources consumed in the past’ 175 years, along with
a possible future breakdown. This figure shows that oil and ~
gas from bo'th Homestic and foreign sources will probably be consumed

"by the middle of the next century. The large resources from tar

1
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Figure 4

”

U.S. ENERGY CONSUM?TION AND FUEL RESQURCES -
Past and Future
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srepresents the increasing use of coal to produce gas and oil.

completely'new energy sources, -undreamed of today.

"be long maintained by gur traditional energy resources. More
.efficient consumption of the energy being produced would help

-

.

)

sands and oil shaie, which are just becoming economical to use,
will prdbably be consumed by the end of .the Rext century.

Coal is the one fossil fuel which will last us for several
centuries. Fortunately, this country has much of the world's
known coal reserves. The area labeled "coal" on Figure 4 also

the past is expanded to include the predicted future use of tidal
and geothermal power and the combustion of agricultural was and
other refuse as energy sources. This figure shows the recent
introduction of uranium-235 in nuclear reactors for the production
of electricity.’ Note that this source of energy cannot be used
indefinitely-~the. economical supply of uraniumh235 will eventually
run out. In the future, if public acceptance is possible, will
come the use of uranium-238 and thorium-232 in breeder reactors,
which produce more fuel than they consume. These bréeder reactors,
along with solar energy and fusion reactors, will probably be our .
major energy sources in future tenturies. There may even be some

That part of the figure representing wood, wind and water ir;e::s

¢ s

The need for -energy sources will, of course, depend on how
fast the démand for energy grows. ,Figure 4 shows the démands -
that three possible growth rates would make. Energy consumption
has increased an dverage of. 3.4 percent each year bétween 1950
and 1970. The steepest lihe on Figure 4 represents a cogtinuation
of this growth rate. All possible energy sources would have to be
developed as rapidly as possible, to environmental consequences.
The horizontal line projects the reaching of zero energy growth
by 'the year 2000. - Since the population will still+be increasing,
this approach would probably result in a gradual lowering of the
average -standard of living. Even this level of energy use cannot

stretch our previous energy resources. The possibility %f energy s
use increasing at its present rate, but.with more efficieént use,
is represented by the 1.7 percent growth rate line.

ECONOMIC IMPACT OF, THE ENERGY SHORTAGE N

Abundant energy at a reasonable cost is basic to an in- .
dustrialized country like the United States. ﬂgﬁn this energy is
not available, or when its cost rises greatly, the impact is felt
by .all of us. 'For.example, the petroleum shortages of 1973 and -
1974 had effects far beyond the lony lines at the gas pumps. O0il
shortages have alse helped to slow our economic growth and have
been a’major factor in the continuing inflation. *

The energy pinch ‘is felt in many ways. For example, the o
price of electricity has increased significantly for the first
time in years, and people are buying smaller cars as fuel '
economy becomes in¢reasingly important. . -

. \ -
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. will probably join the list. With such products in short
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The shortage of energy sources, coupled with cdncern over
env1ronmentaiupollutlon, has caused severe problems for electrical
generatipg ‘plants and other industries. They are forced to
search for energy substitutes and to pay greatly increased
prices for fuel.

Petroleum products are the' basic 1ngre&1ent in many man-

‘made products, such as fertilizer, synthetic fibers, plastics, ’

synthetic rubber, detergents and paints. In the future, food
supply, we should perhaps consider wﬁether such manufacturing )
uses rate a higher priority than s1mply burnlng the petroleum
products as fuel.

In the short term, conslderable energy savings can be Y

‘realized through conservation and careful* energy management.

However, in the long run we must develop new energy resoyrces
and restructure our energy demands, since the availability .
and cost, of energy have a dramatic impact on our lives.

THE DEMAND FOR; ERECTRICAL ENERGY

[y V
Perhaps you have some feeling now for the complex energy
problems facing us today. We will now, narrow our discussion to
only one important aspect of the energy picture: electrical .

_power generation and its environmental impact. The reason for

our concentration in this area is that electr1cal power’ generatlon
is predicted to be the fastest growing area of energy use.  In
1947, about 13 percent of the fuel used ;n this caountry was used,
to- produce electricity. By 1970, this figure had increased-to

25 percent. By the year 2000, it is predicted that between-40 -
and 50 percent of the fuel used will be consumed in the productlon
of électricity. IW the next century, most of the energy we cen-
‘'sume will probably be in the form of electr1c1ty .

+ A number of factors contribute to- the increased use of
electr1c1ty over other agency forms. First, shortages and in- °
creased costs of gas &d o0il‘will lead to more use of coal and
uranium-235. ' These two fuels are most suited to the production
of electricity. Secondly, the burning of fuel to produce ®
electricity at a few large installations should make for better
pollution control. Pollution control is extremely difficult
when millions of homes, factories and cars consume gas and
0il for heatinq, coolina, or power. These two factors will lead to
the increasing use of electricity, probably including the wide=~
spread use of electric automobiles and public transportation.

Electrical consumption is also grow1
consumer products and industrial processes demanddd by the
American public to maintain an eygr- 1ncrea51ng sthndard of living.
Do members of your:ifamily own more electrical appliances than -
they did five years ago? <Chances are good that they do, .and this
use of electr1c1ty in the home represents only part of an individual's
per caplta ¢onsumption of electrlclty?"‘Mugh more electricity is
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expended to manufacture the goods and services required to maintain
the desired standard of living. Most of the items which

Americans take for granted, such a3 plastics, aluminum and glass,
',require the use of eléctrical energy in their 'manufacture. In fact,
the’ natlon has become so dependent on electrical power and other
forms of-,mechanical energy that human muscle now accounts for less
than one percent of the work done in factories.

In addition to these increasing demands for electricity,
significant amounts will soon be required for cleaning up the,
environment by such-uses as reqycllng of wastes and sewage
treatment.

Table 1 shows how the electricity consumed in the United States
is divided among various segments of the economy.

) TABLE I

Consumption of Electricity in the United States:
Vol

" Use ' Percentage °
(U.s. Average)

Residential 32%

<

Commercial . . 22%

Industriél . . - 42%'

Other Uses _ ' 4%'
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HISTORICAL SKETCH OF. ENERQY DEVELOPMENT IN LOUISIANA

T SN
1870 - Acc1dental dlscovery of natural gas at an artesian well
. drllllng site in Shreveoort used for illumination at
4 an ice plant. - _
~ . ’
1901 - 0il first brought in in commercial quantities at the
Heywood well near Jennings.

1906 - Leglslature passed the first state oil and gas con- ¢

Servation laws. . o

e ¢ ‘

. 1908 = The first natural gas pipeline was laid in Louisiana,
bringing gas from the Caddo field to Shrevéport.

1909 - The new reflnery in Baton Rouge went on stream. This
is- the Exxon refinery of today which is among -the
largest o0il refineries on the North American continent.

*

1910 - The first bver-water drilling in America occurred pn
. " Caddo Lake near Shreveport.

938 - First productlon in open wdter of the Gulf of ‘Mexjgco.

1947 - The first oil well out of sight of land was broughts
in.in the Gulf of Mexico about 45 miles south of Morgan
City, marking the birth of the offshore oil ahd gas
industry.

* 1968 - Louisiana's known reserves of natural gas peaked. .
1970 - Louisiana's known reserves of crude oil peéked.

1970 - Louisiana becomes the nation's largest natural gas—__
) produc1ng state. -

1978 - Slgnlflcant discoveries of natural'gas north of Baton
) Rouge in the Tuscaloosa Sands, 3 miles ;?low the

earth's surfacev
/— h-3
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WHERE DOES ?HE ENERGY WE USE COME FROM? ' <
{ ¢ . .

M ]

There are flve primary sources of energy that are naturally

3

avallable\to u

9

forms of energy; that is forms which are active and always in

n-earth: solar, chemlpal, nuclear, geothermal,

~

and tidal ener Two oz\these, the chemical energy of fossil

fuels and nuclear energy \ are stored or potential forms of energy.

The other three--selar, geothermal, and tidal -energy--are kinetic¢

-

i

motion. While we can use the energy in the stored sources of

energy whenever wekchoose,'welcan use the.kinetic forms only when
nature make them available to us; for example, sunlight is-only
avallable during dayllght hours In the sections that follow we
will brlefly dlscussfeach of the primary sources.

SOLAR ENER&Y: -Solar“energy is a kinetic form of: energy.

It is more precisely called radiant energy, much of which is ob-
> © ,‘

servable as visible light. A major portion of the sunlight which

v

approaches earth is reflected by the ‘atmosphere back into space.

3 .

Although only roudhly half of the'solar energy reaches the ground,

4
half isastill a tremendous amount.
’

© If all the solar energy reach-

P ing the ground could be stored for 48 minutes, it' could provide
! as much energy as ;as used worldwide in 1970. ™ .
A very small part (1/5300) of this energy interaats with
) \\\; plants and fuels in thehphétosynthesis.process. Solar energy, thus,
- ) .

is indirectlyﬁthe source of the food‘energy on which we depend.
I+®™s also the source of the chemical energy which was stored
hundreds offmillions of years ago in the plant life of the'awampy“
We are using stored solar energy when we burn

jurgles of the earth.

the fossil fuels: coal, oil, and natural gas. '

17
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The sun's radiant energy also heats the land and the oceans
and thus provides the energy for the great'air and,ocean‘currents——

the winds and waves. .Historically, wind and 'water currents
X, ¢ i ) .
were éarly sources of energy, and were harnessed by windmills,
- - . .

sailboats, and waterwheels. Wlth 1ncreases in the world's, pop-
ulation and the rise of cities, however, these Eources became
inadequate. Today we get some of our energy from these w1nd.and :
‘water currents in a different manner. Some.of the sun's energy
evapor'at'es %ter from lakes andg oceans. The water rises and-is
-carried- in the winds. If the water falls on the mountains, We.
get some of the energy for our use by letting the mbuntain-fed -~
streams and rivers turn“the turbines of bydroelectric plants’ to
produce electricity. - ‘. ‘ : -,
Most of the solar energy reaching the ground is unused,by\
man. It is available during the daylight hours throughout the
world in varying amounts. However, since dt is a kinetic form
of energy, it must bé used immediately or it must be converted
1nto some potential form of energy for later use. Presently,
sunllght is being used as the sole source of heat for a few homes.
‘However, collection and storage of solqplenergy for later- trans—
portation and use is still difficult. In’ partlcular, we have not
perfected practical and economical methods of collegting solar
energy and converting it into elﬁctricity. 'Since the-iifetime.
of the sun is many billions of'years,'for all practi'cal purposes

A
* A
this eﬁergy source will always be with us. It is a continuous

J (

#0SSIL FUELS: The most 1mportant form of stored energY\ls

o ¥

source of energy which does not need- to be renewed.

.
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fhe chemical potential energy of theé fossil fuels: coal, oil,

’ -

and natural gas. As we have said, this energy was originally

solar energy hundreds of millions of.yaprs ago. Coél‘began to

be formed wheh:the huge mpéses‘and ferns of the Palezoic swamps

-

-

died and fell into the mud. They were acted on by anaerobic
bacteria (bacteria which do not need oxygen) and then by pressure

* £ ¢ i
and heat as they were buried under tons of sediment and converted |

" to the almost pure carbon of. coal. When the carbon atom is burned

(oxidized), it releasesuéhis stored energy.

«© .

Petroleum and natural gas were formed in a similar manner.

Some.of the plant-and animal life sank to the bottom of the great

sea beds ‘and went through a different chemical transformafion under

-

-

"~ pressgﬁzgand heat to form, the "hydrocarbons," the complicated

molecul®s pf hydrogen and carbon characteristic Of petroleum.
J © . ’
Their stored energy is also released by burning.

LY

Fpssil&fuels are used extensively becayse they are relatively

‘ 4
4

easy to find, collect, store, and transport. Coal, oil, and

© &

natural gas resources can‘ be located thrqugh geological surveys.

Once discovered, the fuels can be removéd from the ground by

] *

mining or drilling and transported by pipes, truck, rail, etc.,

¢ -

to any destination. Althbugh the formatioﬂéof fossil fuels is
continuing, the process is very slow. It would .take.another

300 million years or so to produce an,amount equal to that which

3

. has been built up so far. Since our eneérgy use is much more
rapid than this, we are likely to use up all of our fossil fuels.

For this reasoh‘ fossil fuels are called\nonrenewéble sources of
v . . '

energy. . . e

NUCLEAR ENERGY: A form of potential energy,which is of 4/

- Q - z. 19 L. _
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growing importance is that stored in nuclei, the tiny, dense

cores of atoms. Nuclei are made up of the elementary particles--

protons and neutrons. It is by rearranging these particles that
nuclear energy is stored and released. There are two important

exampleé of thiss, the fission reaction and the fusion reaction.

; :
_In the fission reaction, the heavy nucleus, or center, of an

atom such as uranium is split”into two lighter ones. 1In this
process, mass is converted into energy and it is this energy

we obtain from the hot interior of a nuclear reactor.
° . \
£ i
The fusion reaction involves very light nuclei. It is the

same reaction which is the source of the sun's energy. - In a

typical example, four hydrogen nuclei, by a complicated éeries

'

of reactions, combine to form the heavier helium nucleus (two

t . ' . * ;
protons and two neutréons). Again, some of the mass has been con-

. - ¢

verted to energy. : .

T

5

Nuclear energy becomes available to us in the nuclear reactor
- . > ~

of an elaptfiq power blant. The energy of the nuclear reaction

“ .

’peats water, for example, and converts it to sﬁéam.g This turns

a turbine which produces electricity much as a river is used
—

. in a hydroelectric power plant. The electricity is then trans-

mitted to our homes through wires. The major fuel for the fission
reaction in nuclear reactors is uranium 235; it is available in

limited quantities throughout the world.

~

Like the fossil fuels,’the nuclear fuels are also presently
- > ‘
nonrenewable. However, if all of the many technical and safety

v

problems ‘'of a new type of reactoi/éalled the PBreeder reactér éan

q

be overcome, nuclear fuels will be much more plentiful. The A

breeder reactor, while it uses up some nuclear fuel tP produce

\J e
i -
.
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eléqtricity, produces a by—pfoduct which can be réused as a - ’

"
nuclear fuel to produce more electricity. - > -

GEOTHERMAL ENERGY: The earth's .interior is molten rbck,’ or

Ymagma" as ‘the geoiogisfs call it. There is a tremendous amount
of energy in the earth. Although heat energy isian’active,or M

kinetic form of energy, the heat of the earth is effectibely

stored and insulated by the solid, thin crds? on which we live. %

X »

b%i- We are nb; sure how the e;ergy‘got there. ’It may have been
stored in the molten blob.of original eafth, 6? it may .have come
from the impact of countless chunks of ﬁatterﬁgulled to it

by the earth's gravity. Wé are fairly cBrtain that the radio-
actiVity of some of the material in the earth keeps it hot.
Thére~seems\to be enough uranium, radium, and oth?r naturally
radioactive material in the' earth's interior to produce that
relatively small amount of heat needed to make up for that lost
thrBugh the surfgce. In this sense;qgeqthermal energy does ﬁot-

) P
%ged to be renewed and is essentially a continuous sgurfe.

[4

The geological conditions which produce geothermal energy

. pestrict this energy source to a few geographic areas. Where

available, it is inexpensive, clean, and has few adverse environ-
mental @ffects. It is avai}able;to us in those regions where the‘\
magma ;s close to thg,surfacé and the energy can leak out from

the core through craéfs in the crust. Volcanoes, geyserseand

hot sprinés aﬁé{yisfblé evidence of géythermal resexrvoits, but

. 13 % .. 13 . 3 -
more sophisticatéd techniques soon allow us to find others
urface.

If” available as hot water

P

not evident on the earth's

Or steam, geothermal energy can be used to heat buildings. Some
\ . .

- ‘1 4
\-
S . >

foaeT . ?l
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500 homes and offices in Klamath Falls, Oregon, are .heated by
* ¢ / {

hot water drawn from a hot spring running under the town. The

.
hd e

) ' e . s . -
only large-scale use of it is in the Geysers ‘'in California where
dry steam--steam so hot there are no water droplets in it--is

éiped to steam turbines and-used to generate electricity. ) Y

TIDAL ENERGY: The last of the big five, tidal energy, is

" probably of least importance for our use. The source of this

g -

energy is the kinetic energy stored in the rotation of the earth-

moon systém. Like geothermal energy, it-is another example of -
the Buccessful temporary storage of ene€rgy in the kinetic form. ‘
It is continuous and does not need to be renewed. [This eﬁergy
is converted to motion of the oceans through thé gravitational’
attraction of the moon on the oceans' contents. Ocean water is

pulled toward the moon on the near*side (and bulges in the other

‘direction on the far side). To use this tidal enerqgy, the up

_and down {in and out) motion of the water must be used to turn

a turbine and produce electricity. This electricity can then be
carried by wires to homes and offices. .

|
Tidal generation of electricity is only -practical where
geologic peculiarities cause high tides. The first tidal dam ~——— "
and generator were built in the Rance estuary on France's

Brittany ecoast where tides rise and fall an average of 26 feet.
There has also been some interest in building a tidal
conversion facility at Passamaquoddy Bay on the far northern

coast of Méine, but it does not yet apbear commercially usabley
We do not expect much contribution to our total supply of energy
[¥) .

-

from this form. ) ) . : .

Q
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_WHAT IS ENERGY? S
Def1n1t¥on i - NN N
Eyérg$~is the capacity to do _work. Work is force times
v ° (\ . . .
distance. Thus, ernergy is‘thg_ability to apply a force, causing
% &\ - ‘
arp object to move some distance. In order for something to move,

Sl gen .

. e.g.,;a door helé closed by a spring,'a force (push or pull) must .
. .
be applied ih the appropriate direction. Thus’, work (force x ..
disfanéé) is done on the door to—open it. It is said, then,
that energy is given to and s?ored.in the door spring. When
the door is released, the eneégy stoned&in the spriﬁé is re-

‘leased, causing enough forcé to be applied td 'the door %o close

9

*it. In otHer words, the spring does work on the door.

Kinds of Energy ° . ~ .- \

Energy; in the form of motion, heat, or light is called’

kinetic ehqggy. The energr stored. in bread, gasoline, or

-

batteries, in the nucleus of the .iranium atom, or in any of
: . ,

its other clever ‘hiding -places, is Eptential‘energy, Kinetic
s, . P
energy is energy in gfani}t,aenergy on the move., We use it in g

~
- this form, Potential energy is stored energy and it is in this .
form that we dig it from minesf‘ﬁhmp“;t from wells, ship it,

. $eny
and stockpile it. The whole story oéxehexgy_is found in the

description of the%g two forfis, and in the conversion’ between ;
) 3

t%eﬁ. ) P
To Use energy it'must be iff the kinetic form. We use energy .

. . P \ Je

__because we want to do something to matter: move it, illuminate

it, or warm it. A moving car has kinetid enérgy. The electxons -

flowing th}ough the toaster's heating element and the photons of

Yo . /.
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E"

} possible to "store klnetlc energy;.

. is quite different from potential energy storage.

light ceming to us from the sun have tReir energy.in kinetic

form.
!
of course,

We store energy in the potential form. It is,

the flywheel of an englne

stores kinetic energy in its rotatlng mass, and klnetlc energy
Ie

is stored in the rotatlop of the moon about’ the earth.
R

We can

»

. aiso store heat energy in thermos bottles. . LLght;energy is

. 'porary; we trap or insulate kinetic energy:

~

almost impossible to store. Kinetic energy storage, however,
| It is tem-.
it is a caged
tiger ready to run free. Q\ki
7 . - | ‘ .

* " “Energy is found in many farms and may, in fact, be trans-

Fdfﬁs~of Energy

'“"ﬁ-. of —
‘ formed in many cases, ds is indicated by the arrows in the
diagram. )
] ' UCLEAR
- ' MECHANICAL ¢—¥ RADIANT . :
u' . Al [ . ) "’
\ - . . N
- 'ELECTRICAL4=—» CHEMICAL
* The many varied ‘forms of eriergy ‘can, become confusing,
’hence'to facilitate'communicatiOn, the scientist generally thinks
+ N
o of energy as belng in pne of the follow1ng forms-
Mechanical --the energy-of motion: falling, roliing or .
. o, . sliding bodies, sound, etc. \ |
- e .
- s ,Electrical --the energy composed of electrons, either

the push or.pull between bodies that are

electritally charged and/or have a magnetic
field about them; or the changes which
resylt from the movement of electrons
(frlctlon, etc.). ) ,




--the energy of wave phenomena resilting
from the acceleration of a charged V
’ particle: x-ray, heat, light, etc.

Ch&mical--The energy released or used up during
TN an interaction between the-electrons of
xk\ various atoms (in chemical reattions):
D corrosion, fire, explosion, biological,
etc.- -
Nuclear =-The energy released or used, up during .
alterations within ‘the nucleus of atoms;
fission, fusion, ‘transmutation.

Energy, regardless of its form, may or may not be active at
any‘one time; therefore, each of the foregoing forms nay be
’ divided into potential (stationary) or kinetic (moving) energy.

- N .

Energy Transformation )

¢

When one.%tate or form of:energy is derived from another, we
have energy-to—energy conversions; these are happening all the

tlme around us (and even inside us)., The one imnortant thing to

remember is that yougget'only as much out of energy-to-energy
conversion“as you put into,it- only the forms or states of energy
are changed when energy is converted from one form to another.

There is no such thing as gettlng something for nothlng.

. . of all energy conversions occqrrlng all the time, only a

~

very few wilk result in work useful to man. We incréase the .
number of conversions that generate useful energy through con-

verters called machlnes, which transform energy of one form,

’

the fuei, into energy of another form, the product*_ An automobile

~\englne convVerts, by burnlng, the @uel gasollne intp the mechanical

.

energy of motion Onr_own hndinq convert food into movement,

AN

e e oo v

R [Py

. heat, and all llfe processés., "The excess heat and sound qenerated

~

. by an automobile engine are mostly7waste epergy, not useful to our
\} s ) , ° /
purpose of moving from place to place: %

-

Q : . . } .-

. .
- ‘ 4 :
< . - .
2,
&
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Sources of Energy - s ) . e

There are five primary sources of energy that are naturally
available toAus on earth:" solax, chemlcal nuclearf tidal, and

geothermal. Two of these; the chemical energy of fossil fuels

and nuclear energy,“are stored or potential forms of energy.

'

The others*-solar, tidal and geothermal energy-—are klnetlc forms’

A . - ~

of energy; that is, forms whlch are active and always in motion.

’

While we.can use the energy in the’ .Stored sources of energy

-
B

whenever we choose, we can use the kinetic forms only when nature

. & .

makes them avallable to us; for example, sunlight is only avall-

e

able during daylighf hours. )
In the section€ that follow we will briefly. discuss each

. - . . LY
of the primary sources, as well as some energy sources which are

2

in experimental stages at this time, such 'as wind.power and power

from organic wastes.

Energy’ is messured in BTUs. The folldwing charts show

energy source equlvalents, where energy-comes from, how it is.~

R .

used, and pro;ectlons for the year 2000.

~

ey e ——
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_ENERGY SOURCE EQUIVALENTS : COMMON MEASURE
0il v | Barrel*
Natural gas ° Cubic feet
Coal _ ’ ' Short ton
v )
Nucledr fuel . \ Pound
(such as Uranium 235) . »

J1.barrel of 6i1 equals 42 gallons of oil.

»

Where Our Energy Comes From (Trillions of BTU)

ENERGY SOURCE 1971 1975 * 1980

' > : \ ) -
Coal 12,560(18.0%) 13,825(17%) 16,140(17%)
0il o 30,492(44.0%) 35,090(44%) 42,190 (44%)

»' Natural gas . 22,734(44.0%) 25,220(31%) 26,980(28%)

. Nuclear .. 405( 0.6%) 2,560( 7%) 6,720( 7%)
" Hydropower 2,789( 4.4%)  3,560.( 5%) . 3,990( 4%)
NVooTar, . . 68,989 80,265 96,020
A

BTUs ////

-

~ 5'800'000 : % . -

1,032 . . °

24,000,000 or .
,28,000,000 _ 4

360,000,000

1985 2000
21,470(18%) 31,360(16%)
50,700(43%) 7 +380(37%)
28,396(24%) 3t,980(18%)
11,750(10%) 49,230(26%) .

4,320 ( '5%) 5,950( 3%)

116,630~ - 191,900

- ¥




~ ENERGY SOURCE

@ - .
: ‘Electrical
generation
Synthetic gas:
‘ . .
TOTAL
w ~
ot
4
S
50 - .
. ’
N -3 t
» 5 Y
(:: ¢ 7 £ '}‘}
E?',\ “ (2 ¢ ‘n !
. s

Household and 14,281(218)
‘ /

Industrial - 20,294 (29%)

commercial

Where Our Energy GoesfkTriIIi%ns of BTU) o

" 1971 |

>

~

Transportatiqn 16,971 (25%)

17,443 (25%) °5 22,410(28%).

68,989

"

¢
1975 1980
15,935(208) 17,500 (18%)
y
I;‘Zé,BSO(ZS%)= 24,840 (26%)
19,070 (24%)° 22,840 (243)
29,970(318%)
) 870( 1%)
80,265 "96,0%0
@ ("' y
P 2

1985
18,960 (16%)

27,520 (24%)
27,090 (233)
40,390 (35%)

2,670( 2%)

116,630

2000

21%20(11%)

39,300(21%)

42,610(22%)

80,380 (42%)

.7,690( 4%)

191,900
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TITLE: POTENTIAL-KINETIC BNERGY
* #REA: Science

., OBJECTIVE: .To investigate botential and kinetic enerqgy
‘\. considerations in moving a rolllng cart along a
. flat table surface.

~—

p MATERIALS : Rubber band, cart, spring scale

ACTIVITY: Hook one end of the rubber band to the cart and
the other end t® the spring scale. Stretch the
rubber band by pulling on it with a force of 150 grams.

s Hold the cart to keep it from moving. .Then release
. " the cartreand allow it to roll along the table. Whefe'
did the cart get the energy to move? What form of
. energy does- the rubber band have in its stretched
0 Fond1t10n° Again, repeat the above experiment,
' -7 this time measuring the distances (in cm) that the
Y ’ cart moved when forces of 50 g., 100 g., 150 g.,
200 g. an3 250 g. were applied to the stretched rub-
v -ber band. What effect did the inct¥eased force have’
on the speed and movement of the cart? Describe the
behavior in terms.of kinetic and potential energy.

Teacher Notes: The cart received its energy for movément from the

stretched rubber band (potential energy). However, work was
-previously done in stretchlng the rubber band (as kinetic energy)
£0 create theé necessary potentlal energy source. >

Complete the %g}lowlng chart for the last part of this activity:

'Force 50 g.. 100 g. 150 g: 200 g. 250 g.

Distahce ,” °
Prepare a graph correlatlng force (g) with distapce (cm). What
Yelationship is suggested by the curve of the graph?

«
(Y w ’
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TITLE:
ARE2.:

’

OBJECTIVE:

MATERIALS:

ACTIPITY:

ENERGY CONVERSION
Science ~

To review the Second Law of Thermodynamics by means
of an energy. anacrostic.

Listed in activity
You Can't Win for Losing

Y
Act1v1tz

An Energy Anacrostic

‘Use:
day be
. Timing:

"Filler" during -a learnlng plateau, review;
fore vacation, a "gimmick.'
After the energy unit!

. o~

"You can't win for losing”

is an everyday statement

of an 1mportant phenomenon in nature--so important
that this statement has the status of a LAW. To
find the formal and "official" name of this law,
work out the anacrostic.

And then:

l.. Look up this LAW in some approprlate reference.
Which one? That's your problem, but ydi might
try your notes on energy production.

Copy this LAW ento a sheet of paper and show
by giving examples (be specific, please) that
you understand what it means.

3. Do you believe that the title of thﬁﬁ exercise
is appropr1ate° Why? Why not? Be spec1f1c-—'
that means EXAMPLES. Prowe your whys and why
nots. ¢

4. What do you thlnk of this as another posslble
title? 7
"There is no such thing as a free lunch "
-Barry Commoner
I

Attach your material from this act1v1ty to the com-
pleted anacrostic and turn everythlng in at the end
of the period.

LR

!

¥
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) YOU CAN'T WIN FOR LOSING
> 4
- 4
S E C O N D L A W 0 .F ‘
1 "2 "3 "4 5 "% 7 "8 79 10 11 -
T H E R M O D .Y N A M I € S
12 713 14 "I5 "16 17 18 19 20 21 27 23 24 3§ ° _—

1. The ability to do work E N E Rf G Y :
- . 2 20 14 1
2. A commonly used fossil fuel c ©
. 3 TI0 21
3. Power source for the atom N U CaLWWE A R
- - 73 8
4. Useful energy in the home" E L E C€C T R I C -
- N I T Y
23 12 19
5. Class of materialsywhich are
burned U _E _L 'S )
] 1T 25 -
. _ . . . ©
6. This changes to steam in power ' .
production _%i. A T E R C
7. The Arabs have this energy ; -
source 70 T L -
4 , .
’ T
8. This is too much! Heat ’
pollution . o H E R M A L
, 12 13 15 16 ’
¥ . : )
9. An old, old fuel is. described :
this way 7 F O S S I L
‘ p— 17 25 e
10. These are checking stations ’ ‘ . - . .
-(one type) ' M ‘O N I T o) R
. o 22 23 ‘
. : '
11. This fella made an engine a
long, long timé ago (steam - g
type) £ W A T T
12. ¢This is the cover for the ~ ’ fé
fuel in the nuclear reactor C L A D D I N G
6 18 T ». .




TITLE:

'AREA:

T

" OBJECTIVE:
MATERTALS :

ACTIVITY:

I

ENERGY TRANSFER

. . 3

Science . N

To ‘demonstrate the transfer of energy from a food
chain to the environment. - . ‘

Environmental Pollution (Prentice—Hallf

Others listed in activity

After studying food chains and food,webs ‘and the
flow of energy through the environment, the follow- \
ing demonstration of gas production by araerobic"
organisms may be demonstrated. A small-mouthed
glass is filled with two to three ‘inches of a
mixture of muck from the -bottom of a stagnant pond
and oatmeal pablum in a 5:1 ratio respectively.

A thin layer of sand is spread over this and the
entire mixture is moistened. The jar is capped
with a one-holed stopper and a piece of tubing is
connected from the jar to a gas collection apparatus.
The gas is then analyzed several days later. Then
students should correlate the production of gas in
this fashion to the production of natural gas which
they use in their homes.

8

g . g |
. @aa Co“ec*;m Ap(ﬂfﬂl'us
‘9- ‘ ‘
d 1% \5, -
‘Scmd'; - oo
I u .
' of n«k g:r Drsphcement

ma Pablum
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TITLE: . ENERGY FLOW THROUGH A FOOD CHAIN
AREA: . Scienpe,-Hoﬁe Economics 3
OBJECTIVE: To help students understand how energy from food
, is used, transferred, and lost.
A ] ~ N 14 — .
MATERIALS: Listed in activity ) . .
{ -
“ ACTIVITY: Discuss with students such terms as_//food chain,
producer, consumer, décomposer, respiration, bio-
. mass, trophlc level, food pyramid, metabolism’, and
N . Calorie. Students should kriow why chemical energy
- - available’in life processes is constantly decrea51ng
; through the food chain. ‘e
Speélflcally, students should:
o 'ato i i
1. Be able construct a simple food-:chain and
" describe how energy is passed along it. s
P 2. Know the extent to which green plants dsorb the

sun's energy.

3. Know that most energy used in life processes of
the plant is expended in resplratlon
4, Know the Calories contalned 1n some of the mo;e
common foods'

~y

Y

5. Know how energy 1is dlssapated to maintain body

Metabolism,
6. Understand how,.energy is lost'as it is oassed
. aleng each trophic level.
7, Know how man, through the agrlcultural processing

of foods, loses or wastes 51gn1f1cant amounts of
energy. Q.
DY

CONTACT ORGANIZATIONS :

Local Agricmltural Extension Service; Home Economics or Agrl—
‘culture idepartments at nearby . colleges or universities.

REFERENCES : .

éee biology and ecology textbodks in school‘library.

™ % “ :

<
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TITLE:

AREA:

OBJECTIVE:

MATERIALS:

ACTIVITY:

“\

- — . -

.

ENERGY FLOW IN MANUFACTURING

AN

Language A}ts,»Speech

) To help students galn an understanding of how

energy is used to produce and operate individual
@1eces of ‘merchandise.

L&sted in_ activity

Lo e - .
Each student should select an item he/she has recently
purchased or wordld 1like to purchase, then deveglop a
research paper, essay, or oral presentatlon about it
(1nclud1ng visual aids for empha51s) based on the
"following questlons
1. What were the. original sources of energy used te
" make the object? )

What' types of energy weré’needed or transformed
.in manufacturing the item? i

“*

What raw materlals were used in manufacturlng the
. object7

the energy used to manufacture the object
way back to its ultimate source:

fracing
all the
a. How much energy does it take to makg the.
obgect’

5

-

- N . e

'b. -How much energy.does it take to Operate the
* object?

How durable is the object and what happens to

it when it is no longer operational? Can it be

recycled? ’e




TITLE:
AREA:
OBJECTIVE:
MATERIALS:

ACTIVITY:

'.SOLAR ENERGY CONVERSION

Science

To demonstrate the use of solar energy conversion. |

Umbrella, aluminum foil, beaké%, thermometer

1.

“and to cook foods.

Students can build a_makeshift solar reflector
by using’an o0ld umbrella and aluminum foil. Re-
move thé handle of the umbrella and then 1line the
1n51de with foil. This solar reflector can be
used to heat water by focusing it at the sun and _
then concentrating the energy on a.beaker /of water.

!

091ng a thermometer,»take temperatyre re dangs.
Discuss questions:

a. HOw hot does the water. temperature get'>

b. How long will.water remain this hot? .

C. Do you get the same results on a dloudy day?
When the reflector is not pointed dlrectly
toward the sun?

d. Try heating other things 1n your solar .
reflector. 3

€. Could the solar reflector have any applications
" in your everyday life?

The teacher can gulde the students into a dis-
cussion of the potential use of solar energy .

to. produce steam to.run turbines, to heat homes,
A study of weather:conditions
and geographic locations suitable to the use of
solar energy could be researched.

Define and discuss evaporatlon, condensatlon,
and distillation.

How is the watér cycle related to hydropower? Why
is hydropower considered a form of solar energy?

How can a solar still be put to practical use?

<L S ‘
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TITLE:

AREA:
"

OBJECTIVE:

® MATERIALS:

ACTIVITY:

.To study the cénversion of plant materials into coal.

CONVEPSION OF PLANTS TO COAL

Bio¥ogy

-

Ferns, slides or diagrams of tree ferns, sand, peéat
moss, coal, 10-gallon aquarium, slides or charts of

geologic\gsme.

1. Distribute samples of ferns, peat moss, and coal .
to the students. Show students geologic time
charts and describe the physical condition of the.
edrth during the coal-forming process.

2. Fill a 10~ gallbn aquarium with tap water. Add
enough peat moss to make a 1" layer. Allow one
week to elapse. What is the condition of the

w

qier now?

(Include pH,

odor, turbidity, de-

composition of .peat moss, etc.)

Have any changes.

Suggest reasons for

occurred in the peat moss?
the changes or explain why changes did not occur.
L]

Sift moderately fine sand over the peat moss to a

depth of 1".

After the sand settles, add an equal

depth of peat moss.
long as desired or
layers have formed.

[y

Repeat the process fox as
until several successive ‘
Is coal still being formed

naturally today?

‘Explain.

3.

4,

Students should then go to the llbrary and research
the formation of coal, the types of coal, and the .
locations of coal deposits in this state.

Using topographlcal maps, locate the coal—produc1ng

areas in the United States.

Find cross sections

of the area “4nd locate a coal vein.

Would the c¢ost:

,of extracting the coal be feasible and practical? -

LR
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TITLE: ENERGY CONVERSION '
AREA: " Science ) Cor )
’ o y . )

OBJECTIVE: To show how chemical energy may be transferred

to heat energy, . i
MA?ERIALS: Laréé tin can, small vial or test tube, thermometer,

. plaster of "Parisd, cardboard for insulation

ACTIVITY: Mix the plaster of Paris and podr it in the large

tin can. Immediatgly place the vidl containipg.
water and thermometer into the semiliquid plaster
of Paris. ¢ Record the temperatur® at the ‘beginnihg
. of the activity and a final reading when the plaster
of Paris-‘has hardéned. Discuss the range of ‘tem- e
perature change.” What caused the temperature change?
Use a measured mass of water and calculate calories
of energy released. Calories released are equal '
v to the change in temperature x the mass of the water.

- .

‘Alter the amount &f plaster of Paris and graph curves
¢ of change ‘in amount of plaster vs temperature
' change. ' , ,
. ,Use a- constant amount of plaster and cha ge the
. .~ amount of water to alter the concentratign; graph
: and discuss the results. ' ‘
J S .

w

: ~———s—————THERMOMETER

<~——"——CARPBOARD INSULAT(ON

L SMALL V(AL
- WATER : .

LARSE T AN © |

L

PLASTER. OF PAKIS R

+

7
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TITLE< CONVERSION OF ENERGY" . . . , )
AREA: Science, Home Economics -
o e
OBJECTIVE: To study the conversion of food energy to heat
energy and to calculate the approximate food
\ energy value in calories. .
MATERIALS: Wire stand, 50 ml beaker, 40 ml tap water (equals
40 grams), thermometer, potholder or tongs, straight
pins, large cork stopper, aluminum foil, miniature
marshmallows (stale ones work better), peanuts,
scales, alcohol burner or Bunsen burner
r . .
‘ACTIVITY: 1. Measure an amount of marshmallows equal to the
. weight of one peanut. Mount the peanut and marsh- -
mallows on separate straight\pins. ’

- 2. Set up an exper1ment with the
. peanut as shown in diagram.

R : Cover cork with aluminum foil. ™
{ Put books or cardboard under
< ' the cork so that the peanut

will be 2 cm from the beaker.
R Cover the top of the books or
¥ - cardbord w1th aluminum f01l ) =
- e -for safety. a e ° -
Fy
3. Measure 40 ml of tapswater and
add to beaker. Measure the’
temperature* of the water and
record on Table I under Start-
ing Temperature. . s

4. Holding the cork with tongs, start the peanut
burning using an alcohol birner, Bunsen burner, «

* | " or matthes. Quickly and carefully, place the
, € corkK with the bUrnlng peanut under the beaker of
v water.

s
", ’

"5. When the peanut, stops burnlng, measure the new
temperature of the water in the beaker and record-

s procedure g£wo more times. ‘Use 40 ml
tap water ea time.  Then calculate the
gain in‘ waterff temperature. -

sing the marshmallows, repeat steps 3-:through
6 and record the temperatures on Table II. e

41
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8. Calculate the amount-of energy in the peanuts
and marshmallows. .
P :

s

Cgloriés-;

e

~grams of water x change in temperature

—

(a calorie‘isra?unit of energy; the amount of
énerqgy needed to-raise the temperature of 1 gram
of water I'C. A "diet" Calorie is a kilocalorié
(1,000 calories) and should be wriitten with a
capital "C" to distinguish it from the smaller . |
unit.) o e

\ ~ae
9.” Compare thesresults of the experiment and discuss:

a. Did you measure all of thé food energy
- released? ‘ ‘
b. Why is the energy value of peanut$ and
marshmallows so different?
. ; -
c.,, How did.the\energy get into the food?

» -
d. Compare and contrast food and petroleum.
. -

42  gp
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TTABLE I - PEANUTS ' ‘
i Trial No. of Mass of Starting] Final CHangg
No. Peanuts Water, Egmp. Tgmp{ inoTemp. .
. (grams)*: |+ (CC) (7C) ("c)
s 1 40 i c .
2 1 . 40 ' p ) «
¢ 3 . 1 \40 . ° ‘ ‘
t ~ '
- ’ L v - ‘ .
B Average Temperatlure Change

) , ( ;

; : . . TABLE II - MARSHMALLOWS
Trial No. of Mass of *Starting; Final Change ’
No. * : H,O . Temp. Temp. |.in Temp.
Marshmallows 2 ) (SC) (SC) %OC)* *,
3
1 N "o ~ 4 0 4 -_:-;(5‘ - ) . ‘L/:J
- K - - s ‘
2 ‘ o 40 . I ‘ &
3 , B 10 ° L‘ ' , /
' = .
t . . - i .
Average Temperature Chdnge .
o A
[ d

\t, | : - ’ (§3 : N ~
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TITLE: PODY HEAT CALSQLA?;ON T ‘ .
AREA: Science ‘ i .
OBJECTIVE: To calculate the heat generated by:.thg bodies in a
classroom.
MATERIALS: None o : . "o >
.ACTIVIfY: .1. The average student produces 250 BTU/hour 51tt1ng
at his/her°"desk. A-class of 30 students in a
classroom 24' x 35' 'x 8' would produce how much
. “heat? e : . .

2. A BTU is_required to raise the .temperature of-1'
of air 1°F. How warm would the classroom be in
one hour if the outside temperature is 32 F and )
.no other heat source is used? Assume complete

) transfer of heat to air. -Agsume also that the.
classroom temperature is 32<F at the start of the
hour.

3. The statement was made by one author that a room -
of students would remain comfortable even if the
temperature outside is below freezing. Do you
agree with this /'statement? Show calculations to *

_back your dec151on. ’ .
OPTIONAL ACTIVI’T‘IES - ’ v

L

s [} ¢
i - . - /’
1. Devise a method for measuring heat generated by
a group.or-a single student. (Tip: Try a

smaller place than arclassroom.)

2. How much energy would be necessary to raise the
temperature of your classroom 10 F? How many
students would be required to produce this much
heat in one hour? .

3. What would be the effect of jacKets or other in-
sulative clothing. on the heating of the room?

4. Convert the var%es given in this activity to

" metric units. . p
A ’

1 BTU = 0.25 kilocalorie (or Calorie)

.
~

3 -
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TITLE:
AREA:
OBJECTIVE:

MATERIALS :

ACTIVITY:

POTENTIAL ENERGY

Science . . e
|

" Po measure a persgp's potential as an energy source.

Hand-cranked generator; three or more light bulbs
(15-watt, 30-watt, 60-watt), imsulated wire; light
bulb socket, watch with second hand

1. Use the generator to llght a l5-watt llght bulb.
What effect does varying the speed of the generator
have on the brightness of the light? By counting
the number of turns per minute, determine the rate
of turning needed for maximum light and minimum
light. i

2.- Change the size of the bulb. Repeat #1 with 30-

an®%0-watt bulbs. What was the effect? Graph
number of turns per minute vs wattage of bulb.

«

- 3. How long c¢an a student keep the 15-watt bulb

burning brightly? Measuyge, time in seconds. How
much power was -produced?,

Power = power x time ‘

~ " . s

Energy = wattage of bulb x number of seconds

N

Energy joules v
- Energy unit: 'joule: Power unit: watt

. . .
1 joule of energy is 1 watt of power used for 1
second. :

45
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TITLE; .ENERGY CONVERSION

‘AREA: Science

OBJECTIVE: To describe the energy conversions that take place
’ - in an automobile and to give examples of energy ~
conversion using everyday processes around' them.
¢ - MATERIALS: Listed in activity ¥ “
\

ACTIVITY: After the brief ‘ihtroduction to the tOplC of energy,
distribute the Fact Sheet to students and allow suf-
ficient time for in-class reading of the material.

The Fact Sheet might ‘well be read aloud in class. !
Pause frequently to explain and bring out important
functions of energy conversion.

.

v

L

You may sum.up by having students use the terms from .
the lesson orally in £illing in the blanRs of the

auto story, which you may ditto for papér and pencil

work, or read aloud, pausing at approprlate times to.
have students fill in the energy form.

®

N ‘ ' Namlng the Energy Form
‘

’ When a fuel such as gasoline is 1gn1ted the 1
N . energy is convedted to . 2 energy This 3 Eﬁgrgy
is converted to” 4 -4 energy of the pistons in_ the
enging, which calses the rotation of the flywheel .
Some of the 5 energy is then used to turn the gene~ -,
rator to convert 6 energy to 7. yenergy Some .
of - the __ 8 energy is converted to 9 energy for
the headlights, and 10 _10 energy in the ¢ c1garette llghter \\
I : An alternate summing up may be accompllehed by hdving -
. students identify energy by what it does'. Prepare a

. series of statements similar to these,’ or have students
invent statements of their own. ot

When_you clap your hands, you change muscular energy
. to (motion) and ‘to (soynd) . .
When.you are talklng, you change (mechanlcal) energy
to (sound).
1Y LI = "
When striking a match, you convert (chemical) energy to
‘ . (heat) and to (light): )

Have students use the information found in the Fact®
Sheet to help trace light .energy in the automobile
back to its energy origin. Ditto class copies of the
plctured adto and energy trac1ng blocks to be filled
in. .




oA

. a The blocks should read:

.

L Chemical _;>' Electricity - Mechanical N Heat -
; (battery) (generator) - turn ‘generator |  -| (cylinder) :
] Lights ° ‘ : ’ TV Chemical .
R . (headlights). i " (gasoline)
hd < ) T e . ) . X -
° . a - - . Y . R
. To broaden the concept of energy conversion, have
l . the students complete the matrix, ﬁpxamples of

Energy Conver51on

L

References:
" NSTA. Interdisciplinary Student/Teacher Materials in Energy,
the Environment, and the Economy, 1977

Teacher Notes: P 4

PN

One very important property of energy is that almost any form
of energy can be converted-ihto almost any other form. Changes in
energy are-most useful when controlled. Mastery of energy has
. been the key to technological,progress. Unwise use of energy
L might be the key to madkind's destruction. )
The automobile, being familiar to all, is a ‘good example of a
. ..way in which e¢hanges in’energy have been controlled and used.
;Answers to'Auto Story o
Nt 5 7 . -
- chemical ’ - o Feoo
- heat ‘ - .
- heat . T e ) v )
mechanical: ‘ P N ‘
- mechanical ’ ' . o ‘;
— mechanical I . .
- electrical ~* T i K . ’]
-aselectrical S ' >
1light,. oL . ‘ s LN
- heat T ‘ , “

Y
RV s W,
i

O WO~
1

[ . . Y
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Energy Converslon: A Fact Sheet

o What is eneray? The first step in trying to define energy'
is to set up two categories: energy in the form of motlon, heat,
or light, 1§ called kinetic energy; energy .that is stored .in food,
gasollne, the ﬁﬁgleus of atoms and batteries is called potential
energy, Kinetic energy is energy on the move. Potential energy -
is' stored energy and it is in this form that we dig it from mines

~

.and pump it from wells. To use energy, it must be in the kinetic
form. . . . -

A I'd

- . oy

We use energy because we want to do something to-matter;
move if, illuminate it, or warm it. We usually store energy in the
potential form but it is possible to store energy in the kinetic
form, too. This form of storage, however, is quite different. from
potential storage, it is temporary; we trap or insulate kinetic
energy. Examples of kinetic energy being stored are the , flywheed of
an engihe and heat energy in -a thermos bottle. Potential energy :
storage is more permanent. It is accomplished by changes in the .

*structure of matter. A simple way to store energy is to lift some-

thing away from the earth. (Energy is stored when water is pumped

to the top of a water tower,, then converted to klnetlc energy when

jlt is allowed' to run through pipes.) }ﬂ*
Energy constantly changes forms. It can be potentlal stored“

in coal and when the coal burns at a power plant it changes to J

_the kinetic form, the heat of steam. When steam is allowed to 3,

‘strike the blades of a turbine, some of the heat energy becomes .

the kinetscienergy of motion (mechanical) of the engine., The

turbine turns an ‘electric generator and some of 'the energy becomes

eleetric energy. Electric energy is also changed in form when it

is used. . B ' ) '

- N - .
. .

These chanqes of forms are governed by strlct laws, the .
first of these is called the First. Law. of Thermodynamics, which’
states that energy can neither_be created nor destroyed. The Second
Law of Thermodynamics state€s that in.any congﬁr51Qn ‘of énergy from
‘one form to another some of it becomes unavallabLe for use. Thls is
malnly because some of it becomes heat and.lt is not p0551b1e to
convert all of a'given amount of heat energy completely back to .
“another form. This unusable heat energy leaks away/gp@ gradually

warms ‘up the universe. . 5 i
L . , ‘ 3 .

. w8

’
It 'is p0551b1e to convert all of a certain anount of R ’1
mechanical energy to heat by, for 1nstance,.putt1nq on-the brakes i
of a car. It is possible to convert all the chemical energy of - o
codl into heat by burning it. These& conversions cannot go to -
completion in the other. direction, only a dimited amount of heat
energy 1is convertible back to other- forms. There are mhny1ﬁbrmsy .
of energy but before most energy can be used to do work it flrst, i
rieeds to be changed into mechanical energy o, - .o
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Tracing Energy Conversion in an Automobile .

-

Directions: Take an automobile trip backwards by “tracing
the light energy in an automobile back to its ‘original source.

_ Fill in each numbered block with the name of the appropriate
energy form: heat, light, chemical, etc., and with what part of
.the car.makes this conversion possible. The first space has been

. .

filled in to help you. ) 9

headlights | generator

fan

battery fuel 'tank
-

, S ]

Chemical )
(battery) > ’ > > -
.1\ 2 3 4 1, 5

Lights I
(headlights) :

- 1




another form.

Example - Heat is converted into a light energy in a light bulb so write
y the intersection of the two energy

Examples of Energy Conversion

~

Begin with the vertical column on the left.

light bulb in the box formed b

forms.

-

Directions: ‘*Write in each box examples of one form ¢f energy being‘converted'into

P

HEAT

LIGHT

SOUND

MECHANICAL
{Movement)

s

CHEMICAL

ELECTRIC

NUCLEAR

HEAT .

LIGHT

.5

SOUND -

MECHANICAL
(Movement)

CHEMICAL

—

ELECTRIC

NUCLEAR '
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TITLE:

AREA:
OBJECTIVE:

MATERIALS :

ACTIVITY:

Social Studies

EFFICIENCY

Science, Vo-Tech, Mathematics, Language Arts, Art,

To discover the relationship between the efficiency
of people and machines.

Listed in activity

Ask the class to describe an efficient person. (One
who gets work done with an apgarent minimum of effort
Oor wasted energy.) ‘

Discuss whether the same definition of efficiency
would apply to a machine. = (Yes, the efficiency of
a machine is the ratio of work done .to the energy
used to do the.work.) ' ’

Find out how efficiency is determined. (Divide
work done by energy used and multiply by 100 =

% efficiency.) :

What is lost that determinés efficiency? (heat)

Ask the students to rate the following energy conversion
processes in terms of their efficiency from highest to
lowest. (These are in the correct order; be sure to SN
give them to the sfudents in_a different order.)

N
electric generator - 95% steam power plant - 40%
dry cell battéf& - 90% diesel engine - 35% . o

-

1afge.e1ectric motor - 90% automobile engine - 25%
storage battery - 75% f1u$rescent.lamp - 20%
small electric motor - 65% steam locomotive - 10%
steam turbine - 50% . incandesqeht light bulb -*2%

Compare our major uses of energy with the efficiency-
ratings; for ‘example, 1/4 of our enerqgy is used in’
producing electricity in plants with an efficiency of
30% or less. ’

A )

Compare use and efficiency for transportation.

Ask: wﬂy are engines so inefficient? ~(Many moving
parts, plus burning fuel = a lot of heat loss.)
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. Type of Plane

‘move freight.
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Investigate how the eg%iciency of automobiles
expressed in miles per gallon has been increased
in recent years. (Lighter cars, high compression;

‘could be increased more ‘except for use of air

conditioning.)

Ask: "What helps to keep automobile effic1ency low?"™
(Automatic transmiSSions, power brakes, air condition-
ing.)

Deliveffa two-minute sermon on the evils of in-
efficiency.’
. . )
Draw a picture of an inefficient, low—energy trans-
portation system. (Hiker, Himalayan porters,‘
etc.) ‘
* ~ i

Describe your efficient transportation.-

Compare the eff1c1ency of automobiles and dirplanes
in moving 100 people from Atlanta to New Orleans.
(According to one of the major airlines, a Boeing 727

" uses approximately 1860 gallons of fuel per hour. s

It is approximately 1 hour's. flying time from New
Orleans to Atlanta. The 727 would use approximately
1860 gallons of fuel from New Orleans to Atlanta.

If ‘automobiles 'average 16 miles per gallon and the .
distance from New Orleans to Atlanta is 448 miles,

it would take 28 gallons of fuel for an’ automobile

to go from New Orleans to Atlanta. At the average

of 2 persons per automobile, at the above rate how
many gallons would it take for 100 persons in 50 cars?
Calculate the amount of gallons required to take 100
persons in a 727 and by automobile, varying numbers of
passengers. per automobile.) Make up your own problems
and do calculations using the following data.

Number of Gallons’ Passenger Limits

Boeing 727 1860 per hour | 137
31 per min. | .
DC-10 2730 per hour 327 —

45 per min.

Even without the above data, it is more energy ef-
ficient to fly on a regularly scheduled airliner. Why?
(Planes will be flying anyway.) L
Make the same comparisons for trains and trucks used to
(Trains use 1/4 the amount of energy

to move the pame amount of freight.)

{‘ .~
What other factors might be considered' in deciding
how to meVe¥freight? (Perishable cargo, etc.)

73
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What other factors increase overall efficiency of

trains as compared to automobiles? (Trains use energy
. ’ to move their.cargo; most energy used in cars is used

to move the vehicle, not the cargo.)

—

Add new

energy words ta-the class energy vocabulary
list.
bl
7
“r
* - \‘
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c TITLE: HEAT PUMPS

AREA: Science, Industrial Arts, Vocational-Technical,
S History - (,

"OBJECTIVEY To discover the relationships involved in heat
‘ transfer to and from the natural environment.

MATERIALS: Listed in activity

& .
ACTIVITY: IntYoducing the lesson:

l. Say: "At last we have a device which seems to
defy the laws of thermodynamics. It produces
more energy as heat than is contained in the
fuel used to operate it - the heat punip."

2. Ask: How could heat pumps benefit the energy
conservation effort in the State of Louisiana?

3. Collect information on heat pumps for heating
and air conditioning from local stores.

\ M

Developing the lesson:

1. Investigate the operation of a heat pump. (Operates

, on the same principle as a refrigerator - alternate
evaporation and condensation of a, keat transfer
. agent, Freon, ammonia, etc., to take heat energy
from a colder area (inside refrigerator): and pump
it into a hotter area (kitchen), but,unlike re-

‘ frigerators, the heat pump can be reversed to

provide heat instead of removing it.)

2. Investigate the heat given off by a refrigerator.
Feel the coils under or behind the unit.

3. Ask: 1Is the heat given off by a refrigerator
wasted? (It is not only wasted,. but 1is released .
into a kitchen from which it may have to be re-
moved by air conditioning.) -

4. Ask: What is the source of the heat required
for the evaporation of the heat transfer agent?
(Qutside air) o .

5. Compare the heating and cooling cycles of the
heat pumps. (In summer, heat needed for evaporation
of_heat transfer agent is taken from inside the
house. This evaporation cools the coils and sur-
rounding air. This cooled air is then blown into
the room by a fan = air conditioning. In®winter,
W " the cycle is reversed. Heat is drawn from the

Q . 7%3
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Extending the. lesson:

outside air, further cooling it. 6 When blown into
a room during the condensation stage, the heat
warms the room, or supplements the regular room
heatlng )

3

1.

and Lord Kelvin.

<.

Investlgate the development of heat ghmps by v
pioneer inventors Sadi Carnot, Rudolf Clausius,

—

-

Find out why heat pumps are not more w1dely used.
(No effort by electric utility companies, manu-

‘facturers, or retail stores to inform the public

of their useiulness and energy conservation value.
There were also operational problems with earlier
models. Heat pumps are now being promoted as energy
conservers.) _
Ask: Wh}‘%hould utility companies be expected
to promote a device that saves electricity? 2,
Investlgate why heat pumps work more eff1c1ently
in Louisiana 'than in the northern U.S. (Freezing
temperatures form frost on outside coils, reducing
pump efficiency.}

Investigate the differences between water to air
heat pumps arfd air to air heat pumps, and the
advantages or.disadvantages of each type.

’
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TITLE: - COMPARING ENERGY PRODUCTION AND CONSUMPTION
AREA: *Science, Social Studies

OBJECTIVE: To familiarize students wifb'and enable them to read charts on energy to
compare the data-. . :
\ . ”,
MATERIALS: Charts, pens, handouts

ACTIVITY: Using charts on production ana_%Pnsumption, ask the children: L .

1. What conclusions do you draw concerning g;oduction and-consumption
of the- following energy sources: (a) oil, (b) coal, (c) natural gas,
. v (d): hydro, (e).nuclear.

/2. What is the effect of consuming more energy than we .produce?

data on coal and natural gas?

»

3. What is the ecoqgffc effect of this? 4. What is the significance of the

Natural
Gas

0il 32% 254

) Hydro  Hydro
-
Nuclear Nuclear
, Other 0.23 0il 47% - Other 0.1%

1979 CONSUMPTION

.78
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i '~ SOLAR ENERGY

i . L \

The prosbect of harnessing the sun's energy is enormously
] . . S
’ attiact;ye. The reasons are unders#andable: sunlight is ubi-
\ \;ﬁ\uagnltous and 1nexhaust1ble, sunlight is.safe. and non-pollutlng,
and sunllght is free.

The conceptzis,far from new. As long ago as 1872, a large

/ .
solar still produced fresh water in Chile. 1In 1913 a 50-hp solar

steam engine was built near Cairo, Egypt. 1In the 1920s and 30s
solar-poweyed water heaters were used in more than 25,000 homes

in Florida, Arizona and California, until cheap, abundant natural

»
’

gas made them obsolete.
P~ ’ -
{The sun, like the other visible stars, is a giant thermo- -

@

nucléar furnace wh1ch converts matter 1nto energy. Every second -

-

neanly 5 mllllon tons of the sun's mass is converted 1nto energy,
produclng power corresponding to nearly 4 X l026 watts/’ The earth
; recelves only a sma®l portipn.of this, but its share still corres-

ponds to 180 x lO.l5 watts, which is about 30,000 times as large -

as the world's total average power consumption.. Even though about H
one—thlrd of th1s energy is reflected back -out into space (mainly

by cloudsy and only half actually reaches the earth s surface, the
total amount of solar energyﬁconstltutes a vaSt and largely un-

tapped rgsource. The two main problems in using it are that it

is not very intense (large collection areas are needed) and it
F] < - [ g
. : *

<s not available much of the time. , < !

t of the energy resources used'by the human race are

\

&eally lar energy in converted forms. Sunlight is essent1al

.

to the pHotosynthetlc processes required for plant growth and:
. . / . - ¢

A}

r
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is thus the energy source of food and wood fuel. The sunlight

of ages past was the source of the chemical energy of the fossil

fuels--coél, oil and gas. ’The ultimate source of wind energy is

the sun's heat, which drives the circulation.of the atmosphere.
Hydro-energy 9f water power and hydroelectric'installationg also
come from the sun, whose heat evaporates water which‘then condenses
when cooled and eventually flows downhill to the obean. Energy
resources that are not derived directly from solar energy are

nuclear, geothermal and- tidal energy; the latter is partially solar,

but mainly lunar energy. -

Several methods of using solar energy are being used or teLted.

today, and others are on the drawing board.

t
-

Solar héating systems make use of the heat that results frbm
absorption of sunlight. The heat can be collected by flat-plate
collectors and used to heat (or cool) water or air for such pur-~
poses as domestic pot water heating, space heating or air cpndifion-

ing. The storage of the heat for;yse when the sun is down or on,’

cloudy days is a major part of such a system. -One collection-
™ ’
storage system, the solar pond, can store summer heat for winter

use, put mo%t other systems can store heat for no-more'thanqa few

days. Solar thermal energy can also be used to(produce eiectricity

N
7 . . h -
at large "solar farms" in° desert areas or at’ seaside, thermal-energy-
L . ‘ ¥

conversion plants. .
. , . 75 ’ : .- .
Sunlight can be convé%%pd directly into electricity by photo-

2
voltaic devices such as silicon or cadmium sulfide "solar cells."
> o

These ‘operate in direct sunlight and do not involve the conversion
of solar energy into heat before conversion into el%ptriéity.

In addition to the "active" methods of using solar energy
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"-w1th the aid of equipment such as collectors, there are "pa551ve

systems which involve proper design of buildings to take ad—

Fl

-vantage of sunl&ght directly. Examples of "passive" systems

»
8

are large south-facing windows, roof overhangs to keep out -direct

sun in summer, and walls and floors of heavy" cOnstructlon .to
store excess solar heat for later use. Home de51gn with good,

-

1nsulatlon and passive systems can greatly reduce winter heatiéng
-

needs.
The simplest method of Using solar energy ?b conserve fossil

/ fuels is to collect solar heat to heat homes or hot water for
! domestic use. Solar thermal energy, can also be usedy for cooling:
(air c0nditioningf. . ]

‘The basic collector beihgotested"or sold in the U.S. today
is a flat-plate collector consisting ®f a hlack absorbeZc a heat
transfer fluid’to carry the heat to the place of use, a oover
plate of glass or plastic, and insulation. Such a collector works
best in direct sﬁnlight.but can also collect heat on cloudy or
hazy days from.diffuse sunlight: ) '
‘The absorber of the collector ls painted_black to increase

the amount of solar- energy absorbed. Certain selective.coatings

have been developed which are transparent.to visible light (and

thus let the sunljght pass through) but opague to infrared radiation

(and thus decre#édse the heat losses due to radiation from the ab-

’
sorber).
;5 . =

cover plate is usually glass, wh1ch admits sunll t (or .

@

of the sunllght) whlle preventlng convection losses from the
/“ AEY

. Q
anside of the collector. Some heat loss from conductlon occurs

¢¢¢¢¢

Th

through the glass; thick glass or sevéral panes of glass will |

3 .

E"' I s gy B




’lajers of ‘glass mére than compensates for the reductlon in sun- ., ¢

such as by flat—plate colleétors similar. to those used ;6i home
. - - - . v

- - N . “I’ |

» \

reduce such heat loss. 1In colder clinates the use of several

* .

llght passing through the glass layers. The heat transfer fluld

may be either gas or liquid, and both t§pes of collectors are

. - s

available. The most common fluids are air and water.

-

A solar collector can colleg¢t heat only during-the.day, S0

.

it must be used together with a storage system if.it f§§s to meet

a substantial portlon of the energy needs of é%e bulldlng Air
& .
systems generally have 'a large storage tank con51st1ng of rocks .

about the size of a baseball, although other storage sxstems in-

volv1ng salts can also be used. Glauber's salt, a hydrated sodium
sulfatte, has been-tested because its melting point of 90°F. is

. : R~
very 'useful. Heat coming intd the salt storage melts some of the

v,

salt, while heat removal freezes some of the iiquid salt; in ‘

either case the temperaggre remains at 90°F. wWater or other liquid

systems usually store energy in a tank of the liguid.

1

The' solar heat collected can be used for space heat during

"the winter and for heating hot water for domestic use. Solar hot

water heaters have been'usEd forsmany years in Florida and other

1

southern states ds well as .in foreign countries’ such as Japan.

The technology for solar hot water heating is simple and often
. " -~

very economical. Solar heat can also be ‘'used for air conditioning,

-
- P ~ ' .

using absorption type air conditioners; this use has the advantage

thategthe days the cooling is most needed arg, usually the days ,o'f

»

ample solar energy. : ] .
. Q
Several different designs for solar electrlc plants are belng
. . ™
- studied. - The heat could be colIlected in.any of several ways, L
[ 24

s

- ?

)
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Since steam-electric plants are more ‘efficient when

v

they have high temperatures, if wbuldlbe,better to use concentrators
to secure high temperatures.\ The most promising method,” however,

is the centrgl receiver concept.. In.such a system hundreds of
mirrors would be plaéed on a large expanse of ground to reflect

sunlight onto a collector at the top of a high tower the mirrors

1

positioned to reflect the -sunlight directly to the tower. The
absorbing fluid at the central receiver would serve as the work-

ing substance for the electric plant. The University of Housten

has desidned such a system using a square mile of reflecting

mirrors and a 1500-foot tower. The plant will produce 500 mega-

watts, éqéivalenp to a large c¢onventional plant that qight occupy

~

a similar amount of land. ;:%;

v

//Tﬁé photovoltaic Eechnology for generating elecfricity

directly ffom'sunlighf was invehtedf%ﬁ.the Bell Laboratories in

~ L . '
the 19508 and is commonly. referred to by the term "solar cell."

-

The most common solar cells are specially treated single crystals

of the semiconductor silicon, which can convert solar radiation‘,

&
<«

' . . . , L.
‘into electric power with an efficiency of about 10 per-

cent. The incident light energy separates electrons from the atoms
~ ) f .

directly

3

in the solar cell and produces a voltage.
¢ -

Solar cells have proved very usefulsrand convenient for pro-,

ducfng electricity in remote. ar€as, as on satellites, but-their
- . » .

a E

cost has inhibit®d their _use by electric utilities or homeowners.

Solar cells capable of producing one kilowatt of power cost
» \ :.‘.Ja!. -

hundreds of thousands- of doilar@ until very recently,when concerted
ef forts have been maqe to reduce their costs by finding new and

more efficient ways of manuéacturing them. Currently their price

e °

» * ..
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is tens of thousands of dollars per kilowatt, which makes them
v . \

tens of times as expensive as other methods of generating
electricity. ﬁoWever, semiconductor technology has maae;great
advance; in recent ;ears (best illustrated by the great @rice
{eductions of poéketlelectronic calculators) and therefis ﬂbpe
that solar cells will bé competitive in the 1980s.

Low-cost solar cells could:revoldtionize the electric

industry. A homeowner could use salar cells on an area roughly

the area of a house roof to meet the‘home's electric reqguirements

-

The major problem is- likely-to Ee a battery system té:;tore
electric energy fo; use when the ;un is not shining; battery
systems are presentiy ragger exéensive.‘ The promise of photo-
voltaic technology.hadéi;d to a $30 million investment by Mobil

Corporation in Tyco Laboratories, which has been researching a

particularly promising approach to manufacturing silicon solar

-cells inexpensively. i .

Silicon cells are not the onlf‘gﬁésibility. Other materials

.

such as cadmium sulfide are also being studied. 1In addition,

-
¢

since the cells are expensive it is often cheaper to build

[} ¢’ L
reflectors which concentrate sunlight from a large area onto the

=

cells than to bﬁild large cells. «Jmproved technologies for coh—
centrating sunlight can thus help solar cell technolggy,

In addition to smgll scale uses of solar cells, it might be
possible to cover large areas‘of.land (e.g., desert areas) with_

solar célls to generate electricity. Another idea that has been

1

developed by Péter Glaser is to byild large solar cell arrays in

space, where they can be facing the sun continuously. The col-

lected'electrﬁﬁ power would be beamed to earth in the form of
N . . ‘
f
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Ld .\*
microwaves, which can then be ré&converted to electr¥city. U.S,

¥ electric power'needs could be met by several dozen large
(13-square-mile) photovoltaicfcollectors of this sort. éuch
satellite collectors would p obably'bé very expensive to con-
struct, and large land areas Would be needed to collect the

microwave power sent to the earth's surface.

4

"How feasible is it to use solar heating in a home‘at this
time? Commercially available solar collectors aresapproximately
SiO/square foot, and a home solar heéfing sysLém that would pro-
vide both heat and hot water runs about $10,020 to $15,000. The

-payback time for this system would be in the range of 15 to 20

years.* As fuel costg rise, the payback time could be shorter.

~

A system for providing oniy hot water ranges in price from
$500 to $2000, depending on the type of system, and the payback

period for. this would .be’ 3 to 5 years. Systems-can be retro-
fitted on+o houses that are already built, but results are

usually more satisfactory when they are incorporated into new

@ 2

. houses." (Hodges and Neff, 1976.)

]

* Varies witke the™geographic location,

th% system, and the initial
cost. :
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TITLE:

AREA:

OBJECTIVE:

MATERIALS:

ACTIVITY:

ﬁ‘-/

To discover the relatioship between the light &f
the sun and how people see it. \

LIGHT

Sciente

Listed in actiwity
l. Ask: what is light? (A form of thé r ant
energy of the sun, measured in wave len8§ths)

2. Have the students describe the light of thHe sun. °

3. Ask: tht,does it mean to you? - (Write their
answers on the chalkpoard ~ brightness, shade,
blending of colors, etc.)

4. ‘Investigate the use of lenses and other optical
glassyare to study light through the ages.

5. Focus lights covered with red, blue, and Yreen
e lenses or cellophane on the top of a white cue
ball or egg. Describe the colors you see,

{Spectrum)

6. Now focus the llghts on a large sheet of white
paper lylng flat on the floor so that the colors
overlap in- the cénter. , Note the color white
"where the red, blue, ang .ge#€&n llght overlap.
Ask: What is white? ( pum of all colors)

7. Nokte where onky two ¢ rs overlap. Describe
the color you see. (Red-green overlap = yellow
light; red-blue overlap = magenta light; blue-
green overlap = &yan) //

* i ’

8., Try to produce the sdme colors, using artists
paints. Do you get the samé colors when you mix
vigments? (No) '

9. Look through a prism to gee the colors of the

spect{pm. p

10. Ksk: How else might we see the spectrum?
(Rainbow or looking through a drop. of water)

ll.“'Investlg@te the bending of light as it passes
through a lens or water. (Look at half of a
friend's face through a glass of water: What'

- happened to.the light? (Different colors bent
by different-amounts and so they spread out to
show their colors.)

N




(r ' ) X & \

Extending the lesson:

v

1. What is the color green we see? (Green pigment
which absorbs all the colors of white light
~ except green)

2. What is black? (Pigment which absorbs all white
light)

3. What is white? _(Pigment which reflects light
and absorbs none or very little color at all)

4. 'Investigate the reverse colors of a photographic
negative.

/
L

5. Add to the class energy vocabulary list.

¥ J
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SOLAR OVEN
AREA: « Science, Social Studies, Industrial Arts
ot OBJECTIVE: To demonstrate the construction and the use of a
solar oven ~ ‘
MATERIALS: A 30—sqdare inch piece of sheet metal painted on
one side/ with flat black paint; 1-5/6.square yard
of 2 to/4 inch styrofoam or a wood frame; 1-5/6 yard
of 1 inch.fiberglass insulation, glass cover for
the frgnt of oven; oven thermometer; thermometer
' to chefk water temperéture-

T ¥ ACTIVITY: After-fa few simple, experlments to show the heating
p// power [of the sun, involve the students in constructing
£ e a solar-radiation oven. Students should gry apples,

: heat yater and bake cup cakes # the solar oven.
l' . ) ,
4 L
¥ '
’ “ r
N
; |
’ <
¢ ) ) Sheet Metal :
I
&
»
) “
3&
Styrofoam
Q '
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TITLE:
AREA:

OBJECTIVE:

MATERIALS:

ACTIVITY:

~x

TRAPPING SOLAR ENERGY -
Science

To demonstrate the most efficient meahs of trapping
solar epergy. : :

Six test tubes.with one-hole stoppers to fit; six
thermometers, one sheet each. of black, blue, red,
white and green colbred paper; aluminum foil

Fill each test tube with water. Place stopper on

test tube and insert the thermometer into the hole

in the stopper. Behind each of the test tubes place

a sheet of colored paper and@ a piece of aluminum foil.k

Record the initial water temperature. After five
minutes of sunlight. exposure, read ‘the temperature

of the water again and record. Repeat this procedure
for thirty minutes. What can be said about the color
background and the 'temperature change? .
Repeat the experiment, this time wrapping each test
tube completely in the colored paper. Are there any
differences .observable from the first set of data?
Explain any such differences. )

Can you see any aépligation of this experiment to

the'use of solar energy in the home? Explain. .
. a . ./
’ e
¢ ' '
i .
b :
e v -
T 1
- . ~
A
~
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TITLE:

" AREA:

OBJECTIVE:

MATERIALS:

ACTIVITY:

SEA THERMAL POWER “
) L
Science, Social Studies, History

To discover the relationship between ocean temperature
gradients and heat engines. .

Listed in activity ' v\\>

Introducing the lesson: , .

v

-

Every person in-the Bouth knows about the warm Gulf
Stream which flows north along-the east'coast of
Florida. Ask the students if there is any way that
the heat energy of the Gu Stream could be used.
(Yes, the ocean is a natura eat engine which could
produce electricity if its gflergy could be captured.)

In solar power proposals, collectors of solar heat

are often t@o expen51ve to make the project economlcally
feasible. Ask: What is the solar heat collected in

the Gulf of Mexico? (The sea itself collects the
hebt--free.) SN .

Developing the lesson:

4ind out how a heat engine works. (Heat engine placed
between a high temperature source (the ocean surface)
and ‘a low temperature source (deep water in ocean).

Heat flows from hot to cold through the heat engine,
which converts it to work for electric power production.)

Ask: ‘Why is the Gulf Stream a good location for use
of a heat englne to produce. electric power? (There

is a year-round difference of about 40 degrees.between
the surface and watgr 1000 feet/below the surface.

No seasonal or daily Variations.) .

Investigate the research of the French scientist
Georges Claude and his development of a sea thermal
steam.turbine in Cuba in the 1920s.

Describe the operation of the Claude power plant in
Cuba. (A vacyum pump brought warm surface water to
a boil by reducing pressure. Steam was used in a
turblne to produce electric power.) ¢

Why were larger plants not built when they were so

. successful? (Tgﬁ& could not compete economically
g

with plants usif newly-developed oil resources.)

Investlgate efforts by the French government to build

,a sea thegmal power plant.

.b" N 4
9y o
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' Read in Clark's "Energy -£0f Survival" about the proposals
of the Andersoms of York, Pennsylvania and Dr. William
Heronemus of the University of Mgssachusetts to use

sea thermal power plants to produce electricity or
hydrogen for fuel.

«

Extending the, lesson:

Some areas of Louisiana are short of fresh water.
Investigate the dual use of a sea thermal power plant
to desalinate sea water. <

Describe the advantages of an underwater ocean power
plant. (No storm problems) 5

How would such a system work in polar regions? (Even
theg cold ocean can be a heat source, like the inside.
of a refrigerator can give off heat, as long as there
is colder air around to act as a heat sink for the
pjant's condensers.) - ~ '

aInvestigate-the possible effects on marine life of

a sea thermal power plant in the Gulf Stream. (Cold
water brought up from bottom would be“beneficial to
marine life. The greatest concentrations of marine

life in the world are in areas where currents bring

nutrient~-rich cold water to the surface.)

Investigate how eléctricity produced could be used

to produce hydrogen for a hydrogen-based energye

economy. (Instead of sending electricity ashore, it
would be used to make hydrogen by e€lectrolysis of water.
This hydrogen could be transported in existing gas
pipelines to. local fuel cell plants to make electricity.)

Ask: y Why don't we build it?

 Add to the class energy word ‘list.
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Aruitoxt provided by Eic:

TITLE:

AREA:

~

\PBJECTIVE:

MATERIALS:

ACTIVITY:

~-

SOLAR COLLECTOR

Science
To demonstrate .the construction and use o! a solar :
collector.. ‘

.

Listed in activity . - e . e

Each. of the fo&low1ng are outlines for suggested
student projects in solar power. The outlines are
intended to serve as startlng points - only and. are not_
to be taken as a set of step-by-step instructions on
how to bulld or deslgn solar collectors.

1. rConstructlon of a simple solar collector:

_ , | ;o
8 . ¢
collector
. . ‘ glass &) box
H sun \‘ ' . {
light wodden dowel 7/
. » or other sup-
\. port /
hinge —— - - / .-
X . < . P v
\ap small fountain type pump wood base /
‘ 4
rubbar hose . !
or- ‘ ’
\ metal pipe 5 gal. glass carboy insulated . 0
-2 with glass-wool . ' ~ e
N 34" soft metal -tudbing coiled ) '
back and forth
‘ iron . A “hot water N
plate -» outlgt .
R N N
S | € cold water
- v M #nlct
wood box about 1¢ x 2¢ % b= "
R covered with a sheet of glass or clear plastic R
a ‘R.' ‘ Id -
* 5

'contrqctors should be 1de21

o

:
. ¢
AN

Construct wooden-box, place iron plate with tubing'
secured on surface inside, palnt flat'black cover
w1th glass and place on roof.. N * -

- 4

» . »

Water’ lines runnlng from roof to classroom should be
insulated. Soft rubber sheathing used by air-cpnditioner




. -

“ <

4

. Pump should have a small flow rate but develop
. v enough -pressureé tS push water up to roof. Depending
v . on cllmate, anti-freeze may be added to prevent burst-
) ‘ . ing plpes in winter. . g

®

Rec1rculate water during:da only and take
temperature readings several tinles

period of a few weeks. Determin

maximum tempera- .

er day over & R

ture reading.

¢

.2..

°

Preoare three essentially identical collector
systems and vary the tilt referenced to horizontal.

Set one collector so measure of angle is equal, -
to latitude above equator.

Vary the other col-
lectors and deterhlne the most efflclent placement

-'@Afor your geographlc locatdion=s

3.7

v - - \‘-T -
Use three 1dent1cal collector systems set.. at -
optlmum angle. Lonnect the three heat reserv01rs
in serijes with -each other. Determine if qublng
the collectdks in series or. parallel’wfil be more:.

efficient. Propose an exvlahation -for your results.

To get more reallstlc results, place—h«lead~on«your
system by drawing. off. a small quantity of the hot
water and - make it-up with cold. A -flow rate of
about .1 total volume per hour would?be a®reason-
able load: Determine power rating of system by
measuring flow rate and.average temperature change.
If p0551ble collect data over several fmonths.

- <
To make the system“more efficient, design and in-
stall a control’ devicé to detect the temperature
incréase in the llector and interconnect with
the pump. The system should circulate water when
there is a heat gain in the coil and shut off when

not. \

If'smallzeﬁperimental system begins o operate.
effectively, design a larger model using a dis-
carded hot water heater as the tank. Try towuse
the hot wéter produced for as many useful purposes /
as possible. Some examples are: hot water .for
washing glassware, design, a heat exchange\\fﬁ use
the heat to warm aquarlums, use the heat to warm- /
animal rooms, plant rooms, or greenhouses. /

’ : » .

H
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TITLE:

AREA:

OBJECTIVE:

MATERIALS:

}

ACTIVITY:

' SOLAR 'STILL

.~ "to the sides of the container, ) ~

~—~m—-—"_1t~t0‘sag .87

A
v
.
-

iR 3

Science ’ -

To use a solar still to demonstrate the water cycle
and hydropower. s

Three plastic contalners or buckets—*ébout one llter :
volumé) ; $lastic to cover and -overlap cortainer; |
string. or tape to bind the plastic as a cover on the
container; three ‘weights or.stones; three tumblers

or small tin cans“that will fit inside the container

1. ,Put water into the condainer to a depth of approx1-
" mately 3 cm and a tumbloreln the center of the
contalner ) .

2. Place the. overlapplng ‘plastic . . ] IR
on the container and bind it. -

. ' making .it airtight.

3. Place a welght or stone. on
top of the piastlc causing.
that the-plastlc\
is barely above the tumbler.

4. Place'the container in the
sun for considerable -time.
. Observe that the. water. evap-
orates,and condenses on-‘the .
plastic as droplets which
xun into the glass in_a con-
tinuous process.

5. . Repeat the experiment a1sing three solar stills
with- the same size containers and c¢collectors.
Set up one as vbefore with plain water: In the

- second still,” put brlne or salt water in the
‘contdiner. 1In the third still, put green lawn*
~cl?Bp1ngs or chopped leaves in the container. '
Place. the three solar stills in the' sun for the.
same amount' of time. -Examina: andrcompare the
contents of the three collectors.

®

~

6. Deflne and dlscuss evaporatloh condensation, and
distillation, . o . .
N ‘ . - . L ™
How is what.happened in the solar--stills similar

. to the water cycle #n™hature? Hox -is"the watexr.” -t 5
cyc¢le related to hydropower? Why' i hydropower'
con31dered a form of. solar ene&gy°

v v

* @

o How can a solar stlll be put to pradtloal use° .

72
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TITLE: - , TRACKING THE SUN BY COMPUTER °

+

AREA: " Science, Astronomy, Computer Science

OBJECTIVE= To find the altitude and .azimuth of the sun Por

* any date, location and time; to fimd the'tright
ascension and declination of- the sun for any date,
‘location and time; and by use of the coOmputer . o

“visually to display a diagram of the sun's position .
for any date, location and time. ' '

, MATERIALS: . A computer'termlnal sun-position computer: program

(included in. activity)

-

Background _Information . .
. -\

h1s computer, program was devised by high school students
to find answers to their questions about the sun's appareni___
movements. A knowledge of mathemat;cs, computer science and
astronomy was necessary to devise this program. This knowledge
then had to be 1ntegrated into a scientific toodl. This toel
could then be used in solv;ng/solar energy problems.

The students who dev1sed this program know that the -
effectiveness of a solar powered device depends on its align-
ment to the sun. If a collector is properly‘allqned its ef~
fectiveness could be greatly increased. Therefore they wanted
to find the sun's exact position. They knew that this position ™
could easily be found by looKing in the nautical ephemeris, but
‘in devising a computer program many valuable 1essons were learned.

This program can be used as an end in itself or as a
stimulus toward the development of more solar 1nformatlon pro=

3

Hints on Gatherihg Materials - N 7 TP

M 4

- Whenever deﬁls1ngu computer program decide if” ;t

. serves a purpose and is app11cable to the needs™of - R TN
" - .the unlt'belnq stud1ed// A C o - N
o e A flow chatt from which thls program was, developed ‘ V

¢+ *~ 1s available from the Solar Energy Education Project,’
S e - c/o Bureau of. Science Education, State Educat1on~
’ Department) Albany, New York 12234.

N

Suggested Tlme Aléotment

-,.  If the program is to. be used as an informational
gathering tool it. could be completed in five minutes.

hal

- If the-program is to 'be used as a stimulus to the
developmeht of further programs the t1me allotment
could be several weeks. .

. 7¥ 95 , , '




. Suggested Approach

- The program must be entered into the schoo"s own
.data storage system and therefore -a prograqﬂirst
has been SUDplled. The .program is written in ~
,Hewlett Packard Bas'ic 2000 Level F. N

. - Before beglnnlng, stﬂﬂénts should be adequately

ingtructed in th® method of getting this program

. " on the cQmputer: and told to follow carefully all

R - instructions, given by the program. :

[P -

-

Typical Results

- See- next page . | " ;
RS h »

Precautions

- The computer must be progrgmmed exactly accordiﬁ?
; ) to the accompa NG pProgran, \\

=t The program may be 'modified to include additional
astronomical motions. . ) - -

. v
s - Modifications

&

. Evaluation : C

- - NONE*! - "
QUESTIONS ’
1. How could this information about the sun be used
. in the placement of Solar collectors?
2. Whag are the astroromical changes that “take face

to cause the,variations in the sun's path’

3. What effect‘dbeg:the sun's ‘changing position have
on the effectiveness of a solar “collector?

GOING FURTHER o . B

- Additional/;;}ormation programs- about the-'sun could
be developed, such as: a) A program to compute the _ -
.duration of sunlight on a given day at a given
latitude, 'b) A brogram to compute the effectiveness
of a coliector in a fixed position’, as the sun moves
,along its daily path; and during the sun's change
in position during the year.

v !




"RUN - = , ' _ Co

SUN N
. THIS PROGRAM WILL ALLow YOU_#0 CALCULATZ THE RIGHT . T
ASCENSION, DECLINATION, ALTITUDE, AND AZIMUTF OF TEE SUN . - o
ON A GIVEN DATE A
THE AZIMUTH OF THE SUN RUNS FROM 2 DEGREBS AT THE SOUTH ’ 4...J .
. -TO 9¢ DEGREES AT THEZ EAST 'TO 180 DRAGREES AT ThE NORTH :
' TO 27¢ TEGREES AT THE WEST . -

. s .
. A ~

WHAT IS YOUR LATITUDE IN DEGREES(+ FOR NORTH, - FGR SOﬁTE}?é@

WHAT IS YOUR LONGITUDE IN DEGREES(+ FOR WEST, - FOR EAST!?72 ' ’ J
\ TC FIND THE DESIRED INFORMATION *~ INPUT. :
TN THIS TIME ZONE | * THIS R

*****%ﬁ*********{3;‘******************#***»*** - B o
GREENWICH MEAN TIM * GREESWICEH "

FASTERN STANDARD TIME * EST ]
CENTRAL STANDARD TIME * CST g .
MOUNTAIN STANDARD TIME * * MST - . :
_ PACIFIC STANDARD TIME : * ,PST e . . . -
WHAT IS YOUR TIME ZONE?ZEST T *
INPUT TEHE DATA_IN THE FOLLCWING FORM .qg..
INPUT THE MONTH(1-12), A COMMA, THE DAY(:1-21), - : . .
A GOMMA, AND THE VEAR(ALL -4 DIGITS) 26,22, 1462 ° ‘ v e
0 . h ~ . . . -
INPUT THE TIME OF DAY IN’THE FOLLOWING FORM : e
INPUT THETIME ON THE INTFRNATIONAL CLOCK {g-24) ° , ’ o
THE.TIME MUST BE INPUT-IN DECIMAL FORM?S.25 ‘ ) . . :
THE DECLINATION-OF ¥EE SUN IS 23  DEGREES _ ' . e
THE RIGHT ASCENSION OF .THE SUN IS 6.3 HCURS AR ’
THE ALTITUDY IS 15 . DEGREES ) . e . .
\ . TFE AZIMUTH IS 1¢8  DEGREES . L
. ZENITH T
. B “ % -3 X - ' B N
© ok : ® C,
« ‘ . . . o .
. s’ " » N
%* % =
] "Q * -
* ’ \ v
[ v ’ ’ "'
' %* \ ) . %*
. > ‘ g&\
* 1 ) ; ‘ % ¢
-~ ‘ - - ¥ L
! - 2
] > ‘ . )
" ~ ~
. : * 1 % ” L
B ‘ . ’ EO N /
-~ % . T % %* . . %
*****************************************i***$***##w*$**¢**w***********y
B S IO , oL : I I - e
-1 1 3 ’ I A I I ‘
NE, . E - 5 ‘e, W NW -




"PRINT "THE TIMI'MUST BE INPUT

I
i
L
L=
RT

COMPUTER PROGRAM " e . “

~an

REM EEEE-DROCRAMED BY MICEAEL D. ANGLE s - .
IM ##kE YRITTEN' [N BEWLETT-PACKARD BASIC 2008 LEVEL F swis
PRINT "TEIS PROGRAM WILL ALLOW YOU TO CALCULATE THEE RIGHT"

"~ PRINT "ASCENSION, DECLINATION, ALTITUDE ANB.AZIMUTH OF THE SUN

PRINT "GN A GIVEN DaTE” N
PRINT TTHY AZIMUTH OF THE SUN RUNS FROM. @ DEGREES AT THE SOUTH" '
PRINT | TO 99 DEGREES AT THE EAST T0 180 DEGREES AT THE NORTH'

PRINT "TO 270¢-DIGREES'AT THYE WEST -

PRINT . - ™ .

©DIM as(9],Fé(1], T$ (9]

LIT 4=.91706 -
LET' 2=.2172¢2 S

LET 21=37.2958 Y

LFT 72=.917433 . .

LET P1=3.14159. g ’ N

PPINT WHAT IS YOUR LATITUDE IN DEGREFES{+ FOR NORTH, -FOR SOUTH)";
INPUT L1

LET L1=11%22 ' : ) ' ;

PRINT . - .

PRINT “wEAT IS YOUR.LONGITUDE TN TEGREES(+ FOQR WEST,- - FOR EAST)";
NPUT L2 . / ‘

.L?T L2=12/15 : - cot %
PRIN,T [ . * ' .
PRINT "TO FIND TEF TESIRED INFORMATITON JE INPUT" e
PRINT "IN THPS TIME 7ONE % THIS . - <
PRINT "‘*-«*“*:."*"“ 2w e AR e ese e e e e ol e ek e e oie skl ook e ek deokeste she e e etk ' R *
PRINT 'GREIENWICH MEAN TIME * GREENWICF w °
PRINT "gk<mVPN STANDARD TIME \ % EST™
PRINT “"CENTIAL STANDARD TIME i * CST’ : 6
PRINT "MOUMTAIN STANDARD.TIME * MST .

PRINT "2ACITIC STANDARD TIME ' . % PST .
PRINT . . .o -
POINT TWHAT IS YOUR TIMF ZONEQ: ’

INPUT TS
. PRINT

PRINT "MPU* TP” DATE IN THE FOLLOWING FORM™
PRINT INPUT THE VMONTH{1-12), A COMM&, TEE TAY{1-31.,

'DPRINT "4 COMMA, AND TKE YFAR(ALL 4 DIGITS) A

INPUT D1.D2.78 "
PRINT . .
PRINT "IN®UT THI TIMEZ OF DAY IN TEE FOLLOWING FORM"
PRINT "INPUT TEB/TIME OV THE'I%ynRNATIONAL CLOCKﬁﬁ 24)"
N DECIMAT FORM"; )
INPUT 71 - Lt T
PRINT LIN(2) ] ~ .
RESTORZ 2358 ; 5. .
PEAD AQ,B9 ‘ — ~
1% A9#D1 THIN 146¢ < ' .
(Y3/2)#(INT(YS/4)) THEN 1510 T °
D1 <= 2 TETN 151¢ ) : .
T B9={B9*1) v -

i

a b—.—’ v tuf >

A3=7% "R3+D2" '

q:? 2734
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2120
2130
2140
2150

2160 -

2179
2180
2190
2200
2210
2220
2230
2240
2250
. 2260

2270
2280
2290
2300
2310
2320

2330 -

2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520

IF Y#U THEN 2140
PRINT TAR{X-1)"(S);

READ F1,F; -

IF Fy="5" THE) 2200

PRINT TAB(F1); . ‘ :

IF (F1+1) >= (x-1) AND (F1+1) <= (X+1) AND Y=U THEN 2140 ‘
PRINT F$; I .

GOTO 2140 A :

PRINT ' N : ,
NEXT © :

FOR U1=1 TO 71 ) ,

PRINT "*7; ’ ©

NEXT U1 . '

PRINT | I TAB(11) I TAB(35)"I1"TAB(59)"1 TAB(69) I
PRINT " I"TAB(11)"I"TAB(35)"I’ TAB(59) I"TAB(69)"1"

-

IF 1L1<@ THEN 2300, . ..
PRINT " NE"TAB(11)"E"TAB(35)"S' TAB(59! W'TAB(68)"NW"

STOP . .

PRINT " SW'TAB(11)"W"TAB(35)"N"TAB(59 " "E"TAB(68)"SE"

STOR , ‘

PRINT ; - o o

GOTO 2140 ’

REM #%#% DAYS FROM MAR.-21 DATA ik

DATA 1,-80,2,-49,3,-21,4,11,5,41,6,72,7,102,8,133 »
DATA 9,164,10,194,11,225,12,255 . » .
REM #%%% TIME ZONF, MERIDIAN DATA #i :

DATA "GREENWIGH",@ .

DATA "EST",5, CST",6,"MST",7, "PST",8 S

REM #kkx PICTURE PRINTOUT DATA s

DATA 28, *",35, a2, ¥0, s

DATA 22, My "k 48, 7% 0, 5",0,"5, '
DATA‘16& 543 * ,z& 5,0, 5,8, 5
DATA 9, * ,61 ¥ ,0,5,0,5 ,0,:5 ¢
DATA 5,"*",65,"*";6,"5',Z,"SH,Z,HSH .
DATA 3, * ,67, % ,0, 2,918 10,757,0,75 B .
"DATA 1, f 235, @ 69 % LI
DATA 34, % ,35,"1.,36, * ,08,"5" ~° ~ .
.DATA 33,7*" 35, ,,37& *",8,'5
DATA 34,"%",36, %" ,g, 5" "~
DATA ©,"*",33, * 37, ¥°,78,7%7 0,75
END :
1 . . ) “ Q\ ) s
e
0
99 . , .




y PROGRAM ADDENDUM

TRACKING THE SUN BY COMPUTER . _ . .

The follow1ng clranges for some of the foregoing g%ogram
1nstructlons are made to assist you in putting this exercise on

your system. -~ )
% LI

-

The changes may have to be initiated because of the lack
of standardization among BASIC compilers. Any changes suggested
conform to the so-called Dartmouth Basic 'which is as close “to being

-a standard as exists. Instructions for which no comments have/peen

made are common to all BASIC compllers.

“ ~ TABLE OF SUGGESTED CHANGES
1. t‘ Statement #Zs) Iten
1090 ' " DIM Statement

Comment.: sStrlng variables are handled by two -
different methods depending on the compiler.

d.. As in this program, by defining the number
of characters in the string variable. -

e , Example: DIM AS$(9)- - - ° o to.

\AS$ is a string varlable 9 alphaneumerlc
characters long.

b. By setting up an array (table) of a specified
number of elements or- locatidns

v~ Example: DIM AS$(9) - - -will create a strlng
variable array A$ of 9 locations of a set
length depending on the compiler.

. If your system does not, handle strings by
- method (a. )’ above exclude this statement from
the program.

2.’ ’ Statement #(s) i ) _Item

1260 , PRINT

Comment: If your system uses method (a.) as’'deéscribed
immediately .above, it is suggested that the»follow1ng
three changes be made in the® program listing. (If .
your system uses Method (b.) ignore these chanqes.)‘

#1090 DIM A$(3) ,F$(1),T$(3) " ’ s.
1260 PRINT "Greenwich Mean Time *GRE" | -
2380 DATA "GREﬁ,O - ' '

»

.-

.78;00 - S

’ . ¢

. *
_ ¢ B
. .
B .
- b ° N
o .
I ° > ¥

Y
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TITLE :
AREA:

OBJECTIVE:

‘.

MATERIALS: ,

"ACTIVITY I.

scale- for weighing

PRODUCTION OF BIOMASS

Science ' s
To learn thé fole of solar'engfgy in oroducing *
biomass. - .

Potting soil; flowerpots; lima bean+dnd pea seeds;

14

—

1. 1Involve two or three groups of students in a
prpject to determine the gain in weight (mass)
that. dccurs when a plant is grown from a seed.

2. "Weigh carefully the amount of dry potting soill
' necessary to fill a flowerpot.® Moisten the soil
and plant a small seed such as a lima bean or pea
which has been weighed carefully by the teacher.
" Record the weight on a chart which will be used
for the entire class. Have the chart up in the

~  room for the students to see. .

3. Place thé flowerpot on a windowsill in the
"classroom where it will receive available sunlight,
water as needed, and permit to grow for several

* weeks., EaCE group may keep an observation sheet:

showing the day-to-day progress of the seed. The

. time and date may also be recorded. R

! . » -

. .

4. Remove the plant and as many roots of the pfént
as po$Ssible from the .soil being careful to save
the 'soil since all soil used in the project
should be dried and reweighed to ascertain the
loss, if any, from the original starting material.

5. Dry the plant and roots thoroughly and weigh.
Record the dry weight on the class chart. ©oe

6. Discuss quesfions: .

a. How does the weight of the plant grown com-
pare to the weight of the original seed?
b. How does the weight of the plant compare with

\ the change of weight in the soil?

c From where did the gain in weight come? :

d. How important was sunlight in this experiment?

€. Could the dried plant be burned to produce
energy? ' . ’

f. From where did that energy come?

.

5 101 : P




’

ACTIVITY II.

-~ ACTIVITY TI

I.

T 1.
e

>

ACTIVITY 1IV.

ACTIVITY V.,

wof the windmill.

A . . - . ‘. - .
. ) J/ < :>-

The astronauts uééd solar energy as a primary
sQurce, of energy in the Skylab. The energy is

_prowided by a conversion of the sun's energy

to electric energy. This source has been sug-
gested as an ene qy substitute for gasoline. to
prov1de power to run cars. What are sonie of

- the probleﬂs which would occur if cars used

solar energy? How could these problems be
solved? . -

’ ) ~
Have.'the students design a car or a house
utilizing solar energy as the main source of

power. Is it technlcall%-p0551ble° Economically
fea51ble° : .-

1 > -

. . N .
As a class project, build a fully-functioning wind-
mill® and show the variety of uses the source of
enexrgy. can provide and determine the limitations

L]

Among the few renewable energy resources is wood;
however, abuse oould quickly make it nonrenewable.
To prevent a total loss of wood both as an energy
source and for bulldlng, puﬁﬁlc policy has re-
quired that national forests be harvested so that
the. forests can' be renewed. People have not al-
ways followed .this policy. Have students attempt
to discover which ancient and modern civilizations

.lost their -forest resources. Discuss how the re-

newal Of forest resources either helps or hinders
1nd1v1duals and societies.

v ~

Have the students 1nvestlgate all possibilities,

of getting energy from the oceans. Describe Y.
the limitations, and advantages of Ocean Thermal
Energy Conversion (OTEC), tidal powew, and wave
power &s sources of energy.

- g K

e




ACTIVITY VII. : L
’ . . \ g
1. HaVe the students research the history of the .-

/ fossil fuels from their qriginal discovery;

- . thrpugh the early means of recovery; changes
in technology which caused changes in the -
mihing, refining, and transporting of the ' \
fossil fuels; changes in demand and technology
which increased the demand fpr fuel; changing

W
status O0f workers; etc.

N L4
.




- TITLE: A SQLAR FARM \
AREA: - Science, Mathematics, Art *Social Studles, Language
i Arts :

OBJECTIVE: T discover the relationship between direct solar
. . energy and people's use of it.

MATERIALS: Listed in ‘activity .

ACTIVITY: 1. Ask the students to suggest words that describe
a farm. Write them in columns on the chalkboard
as fast as you hear them. Make it a game to go
faster than they do. b 5

2. Read in the Meinel Book’ 'Power For The People,"
or iff the NSTA Source Book about the Meinel
proposal to build a huge solar "farm" in the -
'southwestern U.S.

3. Investigate the cycle for capturing the sun's
enefgy and nuusing it. (Trap solar radiation -
in collectors; pump heat to a central power plant
geherate steam; and produce electrlclty with steam
turbines. ).

4. Deé/ribe the "rows" on the farm. (Rows of
solar collectors with mirrors to focus sunlight
on black pipes filled Wwith liquid sodium to -
carry the hemt. The whole collector is enclosed
in a transparent vacuum half cylinder.)

. )

5. Ask: " What is the croo?" (Heat - temperature as

hlgh as 1000 degrees Fahrenheit.)

N Y
. 6. Ask: '"What happens on cloudy days?" (Heated
; T sodium. flows to a'storage tank which could hold °
heat for a few days and continue to generate
- electricity.)

)

7. Investigate how much el;:z;icify could be produceé-
* s . on a solar farm. (A farm,of 10,000 square
~ miles, ‘100 miles on a. side, could produce half
of the nation's need for electricity in the year
2000 ‘according to Meinel.)
\ 8...Ask: "Isn't that a lot of land to use’" (Yes,
: but in the southwestern U.S. 10,000 square miles
is only a tiny fraction eof the area of relatively
unused desert.)

9. How does the efficiency of a solar farm compare
with the efficiency of a standard electric
generating plant? (Both operate about 30% ef-
ficiency, but after,the initial installation of
the solar collécﬂqﬁq equipment, fuel is free.)

°. : 82,




: "Extending the lesson

—~

‘o o l. Draw a picture or diagram of a solar farm.
. . .
2. Discuss this use of direct solar energy by people.
- 9 '
\3. Ask: "What could a development.like the solar
farm proposed by the Meinel mean for the future?"
» (Cheap, plentlful electr1c1ty, although there’
L would still be a great loss in transm1551on of
' T electricity if all the solar farms for the U.S.
. - ' -were located in the 'southwestern U.S.).

, l ; > 4., Debate whether or not it would be feasible tb set
asidé 10,000 square miles of Lbuisiana land to .
build a solar farm. (Would it be as good to use

. land for 01trus farm1ng°)
. . .
5. Start a ciass energy vocabular)& list.

, 6. Write an augumentlve essay, pfo or con, on the
' ) fea51b111tv of such a farm in Louisiana.

e
H

. ' 7. 'Coﬁstruct a model of a solar farm.

.
4

-
I &
‘
:
~
s
.

.
I
¢
.
.

3
i
‘2
-

RN
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TITLE:

Py
AREA:

OBJEQTIVE:

TERIALS :

ACTIVITY:

v

MOVING AIR

Science, Social Studies, History, English, Art,
Music . .

"To discover the relationship between solar “energy
-and moving air. ’ .

Listed in actiVity

l. Complete the following sentence: wind is

3

Write theewords used.by ‘the Students on the
.chalkboard as fast as you can, no matter how un-
‘llkely thev may sound- to you.

From the class list of words, develop a list

of opposlte words ‘which can be used to describe

moving (For example, hot-cold; .good-bad;

fickle- steady, reliable- unpredlctable, gentle-

violent; etc. ), '
. Ask "What do most of the words tell us about

what w1nd is? " (Moving.air ) '

Investigate the-atfiospheré around the earth as
a giant heat mdchine '(engine) moved by solar
radiatiom (The raysof the sun, stronger near
the Equator than in the polar regions, cauyse ’
troplcal air to rm and rise, while cooler polar °
air moves in to replace it.)
-+ -~ o~
Discuss the effect of the earth's rotation on'
his north-south flow of heated air. (Air
mQving to the north - a south wind - is
deXlected toward the east}— a SW wind air .
moving to the south -"a north wind™- is deflected
towaxd she west = a NE (trade) wind.)

at other factors influence the movement
(Local atmospheric conditions - high

and low pressure systems, obstructions,- mQuntains
or high bwildings; and" type of surface - asphalt,
land,; or water, which 1nfluence local heating
and coollng. : .
Discw@s how ‘a"gea hreeze follows this general
pattern of uneven heating of -the earth's sur-
face. (Alr over land heats and rises; colder
air over water flows in to take its place.)

]
4




Extending the lesson:

1.

10.

11.

13.

Investigate the historical importance of the wind

as 'a source of- energy for people's use.
(Moved ships; pumped water; milled graln, etc.)

Investigate the windmills invented by Marcellus
Jacobs ‘of -Fort Myers, Florida to -produce elec-
tricity\wlth a wind generator

Move like. the kind of wind whlch represents each
of the words used to descrlbe it at the beglnnlng
of this lesson. .

Draw\a picture of your favorite wind, and a wind
you are afraid of.

Ask: "How do alrplanes use the wind?" (Take -off;
landing; flight; jet stream; tall winds.) v
Investigate how wind and other weather records
are kept

See the wind graphically on the TV satellite
weather report each day.

~

Add to the class energy vocabulary list.

Create a sculpture which shows the effects of
wind.

L]
'

Slng songs which have wind and sun as themes -

‘"Mariah" and "Sunshine" - etc. .

.

Write original poems w1th the w1nd and/or sun
as themes. .

[}
ps
1

Do a slide oresentatlom'or photography display
based around wind and7or sun and its/their

effects. \ A ' ',

Compose an original song based‘on themes of
wind andxor sun.

~

.
~




&

.TITLE: SOLAR ELECTRICITY - . D : ‘o

<

AREA: - Science

OBJECTIVE: To discOver the relationship betwéen the. sun's energy
: and its use for power.

MATERIALS: Listed in activity’

-

ACTIVITY: 1. Without the development of solar cells for K
.power, the space vehicl and satellites could
. . .ok not have been operated. hat are solar cells?

(Tiny slices--wafers--of srlicon, about 1% inizes .
sqguare and only a,é§w thousandths of an inch. thick.)
X ¢ ‘ o f '

2. Solar éellg are called "photovoltaic cells.™ What
does .photovoltaic mean? (Photo = ligHt; voltaic =
electricity; named*after Alessandro Volta.)

3. How doges a solar cell produce electricity? (The

~ . silicon wafer is coated ‘with boron to produce a

: ' positive electric. layer; this interacts wﬂxb the
negatively-charged silicon. When photons in

“sunlight strike the silicon cell, they are con-

verted to electrons which flow to the boron. layer,

causing a flow of direct current (electricity)).

~»
-

N "'+ 4. Why are soYar- cells so expensive? (Skilled hand
j labor in growing and cutting sdlicon.crystals;
more energy used to manufacture cells .than theys

- can-produce.) . B X
[, ” ' 5. Ask: "Is there any hdpe for solar .cells for use
h in power plants?" (Mass production of wafers from
-~ ribbons of silicon slices made in a machine looks °
promising.) " T L

~ -

6. Investigate proposals of Dr.. Peter Glaser for
development of solar power Qlangs inﬁfpace.~

7. Why .are environmentalists «concerned abott the
Glaser proposal? (Proposes to beam microwave .- -,
electricity back.to earth receiver; could act aé_@ ?
- death ray.) iy

Extending the lessop ' ’ v | :
§ »
ro. v
1. Investigate pdssible development of solar power
Plamts on earth. (For the immediate- future, it
. ~ looks like a choice of nuclear and coal for &ueL,.
until the various solar technoldgies can be Made
economically feasible.) )

.

- -
v

o . 'f86'108' . ~




Aruitoxt provided by Eic:

s

te

¢

- “ 4

1 '/. . [

Ask: "Why would'a solar cell pgwgr plant be

more efficient in space?" (Could be positioned .
to receive sun's rays 24 hours a day; no loss
of solar radiation by reflection from clouds

and atmosphere.) -

¢

87
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TITLE: A CLOTHES "POLE" ) L8

~

o AREA: . Science, Home Ecqnomics ° *
* . . OBJECTIVE: To discover the reiatienship between solar energy
‘ . and the evaporation or water. . ,
- . . T - . . . - .!’
, TERIALS: Listed in activity ‘ s
-3 '
- . ACTIVITY: 1. Survey the class to determine use df appliances
¢ P for washlng and drying clothes. Ask: How many , -
) N of ‘you are wearlng clothes that were washed and

dried w/%hout using any appllances'> °

2. Determine what articles of cIothlng are most
apt to be washed by hand and hungryp £o dry. \

Ask "How many have an>6utdoor clathesline or dryer?"

The U.S. Department_of Energy esti es that the
average owner of an electric clothes dryer uses 1000
‘kilowatt-hours ,of electric power per year. Cal-,
culate how many kilowatt-hours of electric power |
are used by the homes of class members, using

the DOE's Fverage rate. S - :> )

5. How much would this cost at $4 00 per kllowatt-
hour? g . . <
6. From local weather records, determlne the number -
of dgys on which clcthes could have been drled .7
outdoors .in your® communlty last year. ]

7. How much energy could be saved if all the peéeople,
in your gommunity, hung thelr clothes-out to dry?
(Number of homes times 1000 kilowatt- ~hours_ per Yoo
years) e
. 7 )
_8. Conduct a clothes pole" (poll) of your neighbor-
o hood to find out how many homes have dryers.and how
many have outdoor clothesllnes.

4 . 9. Ask: "Is there any evidence that the number of
; =, S outside clotheslines is changlng°"

E«tending the lesson oo
}; . -
. v 1. Survey radio and TV advertisements for detergents.
b i:}i " How many emphasize the "clean, fresh smell of the
: ‘ : ) outdoors" which is lost by u%fng an’ electrlc or

Te L : gaf/dvyer" ' , ]
-. ‘ Py

'? : 2. Investigate why Monday was always washday. @

\). "i . . . ] 881:i ()
v y A o




L J
Y N <
Discuss the .relationship between the increase in
use 6f clothes dryers, air pollution, and urban-
ization. ‘ _ ‘
Investigate the water pollution problems asso-
ciated wikth the use of detergents.

Ask: "Should the use of clothes dryers be banned
Lo save electricity or gas?" Discuss. the pros and
cons. ’ ’

s .
Ask: "Is there another appliance that your family
would rather give up than your clothes dryer?"”

) N )
List the appliances in thé order in which the
members pf the class would give them up in the
event of a serious energy shortage.




ARER:’

OBJECTIVE:

«- MATERIALS:

ACTIVITY:

SOLAR‘ENERGY FOR POWER

Science, History

To discover the relationship between energy and
power. %

Listed in activity

1. e day before startlng this lesson, ask each
student to bring in a small mirror and a
magnlfylnq glass. . . :

5

2. Take the students outside to the school yard
Have them try to focus the rays of the sun™on,
® small piece of paper placed on a sidewalk or .
other bare area. - (Bring a small container of
water to wet the area around the paper.) Students
should have no trouble burning a hole in the paper.
They have used solar energy to do the. work.

3. Next, set up a piece of vaper vertically between

- the sun and the class.. Ask the students to use
their mirrors to focus the sun's rays on the
piece of paper from.their position. (They will
have to move forward or backward to do this.)

4. After they have -focused their mirrors, have them
try to focu§ on a central soot to burn a hole in
the Daper

5.. Have each student measure and recofd the distance
from the mirror to the paper. (Are they gll the
. same distance?)

6. AcCogging to the Greek historian Galen, the Greek
scientist’Archimedes used solar reflecting mirrors
- (bronze shields) to set fire to the Roman fleet
. besieging the Clty of Syracuse in 212 B.C. by
focusing the sun's rays on their black sails. On
* the basis of their own exoerlence, do the students
think this was possible?

7. " Ask one of the students to .investigate and report
*on the solar system engine bgﬁ&i by the French
. scientist Augustin Mauchet in the 18605

8. Do the same %bf the work of the.§wédish-American
© John Ericson in the development of solar engines.

9. Investigate the research of'Frank Shuman in
Pennsylvania and his development of the Sun Power.
. Company 1in &2?8. .
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Compare the operation of the Sun Furnace in the,
French Pyrepess (Felix Trombe) to the experience
with mirrors the students had at the beginning of
this lesson.

~Investigate the use of solar power for desalting
water. . ¢ < >

Ask: "How dfd the discovery of oil in Pennsylvania,
affect the development of solar power?" (0il was- a
much cheaper. source of. power, SO research was al- -
mpst halted‘until 1973.)

Ask: "How have the times made water desalinizatien
important?" (Because of water shortages and pollution.)

Investigate how the solar power vesearch of Dr.
Robert Goddard led to his invention of the rocket °
engine. '

£l




TITLE:

AREA:

OBJECTIVE:

MATERIALS:

ACTIVITY:

History, Science, Language Arts/ Mysic, Art

BROTHER SUN i

To discover the relationship between people and .
the sun tbroughout the ages_, ) :

Listed in activity
1,. Read to the class the song to the sun written
* by st. Francis of Assisi in 1224:
Pralse to you, my Master, for all your CreatuJres,
Faremost for lordly Brother Sun
Who lights our daytime for us. ! >
He is a beautiful thlng who soreads for a great
splendor’,

Of You Most High, he is the v151ble emblem.

4

Ny

Ask: "Why have people through the ages felt such
strong emotions wwhen they contemplated the wonders
of the sun?"

3.‘ Ask the students to comment on Henry Thoreau's -
.comparlson of daybreek and the rising of the sun
with spiritual awakehning.

4. Write a new verse to the John Denver song,
"Sunshine.

5. Find two or more authors who have written abqut
sun power and compare their descriptions of the
sun. .

6. Writé a voem which exoresses gour feellng about
the sun.

7. Investigate Inca worship of the Sun. !
T ;
8. Find pictures of the Inca temples tc the sun
"Father." .-

9. Find "Sun Fathers" in other cultures.

10. Investigate how the culture of the Sioux Indians

looked beyond the power of the sun to the respon-
51b111ty of people to use it wisely. .

ll. Comment on how well we have heeded the adVice of

the Sioux:

-

12. 1Investigate the device known as the "Camera

Obscura," the dark room prototype of the camera.

’ {
' 1 1 —————
» ' ','(t?
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v 13, Read the following passage from the Papago Indian-
ceremony to the sun: ‘
In the east is the house of the sun.
- Up over the top of his roof-bean
’ The sun climbs and journeys
Over the heads of 'us
Who make our journey belcw him..
I stretch my right hand sunward, ’
' Then trace upon my body -
" _The ritual sign.
(This ritual, called a "ciwiltkona," is performed

7 by dancers who belleve that they recharge them-
) selves with the sun's energy as they circle a !
. sand palntlng/of the sun.) pe
. —
’ ' ' ,
- »/
& -
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which all life, directly or indirectly, depends.

limitless.

STAR POWER

The sun's.energy is used ti do much work which we take for
granted. ' The heatiny of the atmosphere by the sun results in i«

temperature dlfferences in the air, creatlng winds which are

rculation of rain
“»

responsible for our weather and cllmate. The

and water, knoanms the hydrologlc cycle, is powered by solar

eneﬁ?y: Visible light is used by plents to manufacture fobd on:

4

N

Solar energy is also incfeasingly'being considered as an

\ . . "
alternative source of energv for generating electricity, heating

-

homes and water, and—cooling. The energy of the sun is viftually

It will last nearly as long as the sun shines.
But there are some interesting problems in converting solar

energy into forms whiéh peoplc find useful. Solar energy”is dilute

and needs to -be collected and concentrated. Solar coiieéEors for

<

a largélcapacity generating facility require a large collectirig




area; Solar energy is also interrupted by clouds (unpredrotable)
‘and the daily'rational_cycle (predictable{ of the earth. 1In order
to ensure a dependable supply, the energy captured by sollectors
must be sStored or supplemented by other energy back =up systems

We already make uset of solar energy in our homes. It enters
through‘our windows and adds heat in both the summer and winter.
The exglusrye use of solar energy to heat homeS‘ie‘not eoonomical
at present, and most present—day systems require turnapes for sup-
plemental heating in homes equipped with solar:energy panels.

One of the things we need to do is better, understand solar
energy. What is it? What are the ways that it can be used both
as an.enhancer and as. an extender of our present fuel systems?

. . ] -

In using Solar energy there are three primary consideratiopns:
1) the energy must be collected'and_concentrated,.é) the energy must
be stored, and 3)‘the energy'must he transferred and distribdted.

| ‘One.way to learn more abﬁut solar energy is from a aolar' )
" heat collector. A solaf collector is a sealedgoontainer with an
integrai'dull'black‘surface and a cover of glass or other trans-
parent material. Solar heat‘collectors are“very‘similaroto green-:

-

houses or closed cars on hot days in the'way’tHat thé&y work.

:h

Sunlight (short light aye radlatlon) pa-ses ea51ly through

glass. It is converted into' longwave radlatlon on heat. Because

both the greenhouse and the car are closed to air clﬁtulatlon,

.J

X
little heat is lost through convection. - In addition, g}ass is

also notwa good,heat conductor o§~longwave1rad1atlon. Both the

greenhouse and the car stay warm,

-
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TITLE:

-

|
| ,
' - AREA:

» OBJEC&IVES:

‘?
. MATEBIALS:
>, . N
3
- ACTIVITY:
1
’
{ Ve
s&c ‘
e
Q v

COLLECTING STAR POWER

=

" Science -

a

To form hypotheses regerding the collection of solar
enerqgy; to design experiments to test these Hypotheses; «
to collect and analyze dath from these experiments.

Boxes of assorted Sizes and shapes (shoe, cigar,
shirt, etc.)j; flat paints; poster paper in assorted
colors, ‘window glass; _clear plastic wrap; black
plastic sheeting; candy and/or regular thermometers;
glazing compound; modeling clay; graph paper; alumi-
num foil; scissors; fiberglass, vermiculite, mineral
wool, cellulose insulation; wrapping and/or masking
tlpe; corrugated cardboard; white' glue; packaging
materials of styrofoam beads or elbows; egq .cartons;
stones; gravel and sand. (CAUTION: WEAR GLOVES WHEN
HANDLING FIBEPGLASS AND MINERAL .WOOL INSULATION.)

4

1. Student should read-and’discuss thé accompanying
handout on "Star Power," then do the following
,1nvest1gat1ve activities. -

2. After you take the temperature inside an empty
box,, place the box in ‘*a,sunny window. After the

- box has .been there for a while take the tempera-
ture again. Share the temperature information )
with your class. Challenge your students to im-
prove -upon the design of the box. Be sure you have
a variety 5f materlals available for them to work
withs "Students aré to do these things:

a. raise-the temperature of the ai! inside the
box; - )

b. retain the heat,collected in the box,

c construct an observation sheet and record
measurements they take. They should record
tenperatures and times until the temperature
stops rlslng in the box they construct,. They
should also be able to -show that they were
able to retain the heat collefcted.

3. Have students paint the inside of the box with a
flat black paint. .After ‘the paint is dry, a ther-
smometer is placed in the box. Tape the therridh-
eter down but ‘bé sure that it is ldcated so that
the‘tenperatgre ¢an be read. ’

. ¥

- ‘

‘If you do not have enough'thérmometers for the’

class, have students build a small ‘doer on oné’

. side of the solar -heat collector so that the N
thermoneter can be moved from- one@box to another.

w /

~ .~

-

L )
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4 N .
, / Cut an opening so that the door can be shut after
temperature reading is taken. A small fab of .

- masking tape can be used as a handle for the doonv

Students cover the box with a piece of glass or
plastic type food covering¥$ If' they use glass,
coger the edges with masking tape. If#%they .use a
box which has a cover, rmake a hole in it that is

/f a little smaller than the top of the box. You
. can then mournt the glass window over the opening
— with masking tape K ] '

| . * .

It is important to ‘make the séal between the box
4 and the covering as air tight as possi@le: Place

) ' ‘ the box in the sun so that the glass top faces
. the sun with a minimum of shadows inside the box.

. ¥ :
L4 . IS .
4. Help your students construct an observation sheet.
Some suggésted‘measurements follow. Emphasize
the importance of recording all pertinent observa=

tions. q

e

a. Record the temperatures and times inside and
. . outside the box until the temperature inside
-~ s the box stops rising. Make a graph of tem-

perature againgt-{ime. '

‘ b. Take the box out of the sun. Eow fast does
the temperature change?

v
o
B

c. Vary the angles of the box with the surface

of the ground. Take measurements when the
box is at the horlzontal, at 30 degrees, at -

- - 45 degrees, at 60 degrees, and at 90 degrees.
TR d. Try to find out what time of day the differ-
LA o ences between the inside and the outside tem-.

, ’ . Pperature is the greatest.

. .
e. Try the collector at different times through-
: out the year. Try the collector once each

veek for a month. &
/

- ~‘ . What are some of the variations in temperature '
that are observed?
!

5. Some student questioné:
a. In what way,@oes the sun affect you?
N b. Which passes more easily through the trans-
parent top of the heathcollector - light or

heat? On the basis of what you did how do
you kndw?




- -

Some additional

.C. What 1s a solar heat collector? How dogyou’

know one whén you see it?

-

d. The sun i# the answer to the energy crisis .
because of the huge reserves of sunlight. =~ °,
DS you agree or disagree? What are some
of your reasons?

~—~

— ' 1.

investigations
} : . .

Try constructing a collector with two transparent

covers. A bead of.clay about the thickness'of

your finger can be used to separate the two pieces

of glass. How much better is this collector than

single covered collectors? . ‘ '

q K . :
Insulate the collector. Fit it in a larger box
and surround it with an insulating material. 1In

.what way(s) does this improve ‘the collector?

= - , - ¢
Vary the colors used to paint the .inside surface
of the box and note the temperaturé differences.

Which color works best? What are some reasons‘for% -

this? - b s

Compare different boxes and designs with each

other. Which one i$ most efficient? Which gains
the most heat?' What are_some reasons for this?
Whieh loses‘heag most rapidly? \

Try a solar heat collector in the winter.time on

the school playground or on any hard surface such

as concrete. Take measurements and record. Now try .
the same experiment but with a small snow.bank piled
in front of the box. Dces the box heat faster ’
with or without the snow? Is the firal temperature
higher with or without the snow? What are some
reasons for this? :

<

Try different corrugated and textured surfaces in

the box. Glue pldstic packaging beads/elbows to

the inside of the box and paint them. Compare tem-
perature of collectors with pieces glued to corru-
gated ‘surfaces and smooth surfaces. Glue rocks/ .
sand inside the boxes and note temperature and heat=™
ing differences.
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TITLE:

AREAS:

v.

 OBJECTIVE:

MATERIALS :

ACTIVITY:

\

P

WHOSE SUN?

L3

. . .-
Drama, Government, Civics !

{o evaluate arquments regarding the infringement

of others rights in the installation of solar-:
collectors. - .

"Reference - "Conservation News " Natiomal Wildlife
Federation. April 15, 1978

Recreate this cbdurtroom drama in your clabsroom
and see if your verdict is the same. -

[N

"An Albany, New York Supreme Court .judge ruled that ’
a local zoning ordinance could stop a New York

i couple from placing a solar heating unit in their
. front yard. The judge failed to.yield to arguments

that the'couple had the rlght to try to conserve

energy and choose the method they preferred for |
heating their home. His logic: suppose they had ~ s
(wanted to Huild a nuclear power plant on their front
lawn. 1Instead, the adjudlcator determined that the
pair had created their own hardship by purchasing
sthe $4,000 solar heatlng unit and he upheld the
‘Colonie Zoning/ Board's decision not to grant the
necessary variance." ®

L=
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NUCLEAR ENERGY

4\‘/

~
3

\ . o 3
The beginnings of the nuclear age began with Roentgen's

diséoﬁeﬂ& ‘of x-rays in 1896. Beiguerel became interested
)

and began his own “experiments, and found that urénium
emitted d spontaneous energy soutrce of rays. The ga‘ries 4
.fouqé‘that radium emittedfan even more intensé iadioi“ '
.activity.ﬁ‘Becquerel, ;he Cuiies, and Rutherfo?d studieé/:

the rays giéén off by radioactive substances. Théy,found -

three different kinds 6f emiséions-—alpha particles !

(heavy pbéitive charges), beta particles (electrans), and \
.o "\ . 3 . 4 » . :
gamma rays (energy rays). In 1905 Albert Einstein equated e

¢’ - .
mass to energy by’ the following equation: .E = mcz, where
hﬁ E 'is energy, m*is mass, and c is the velocity of- 1ight.

This means that small amounts of mass could be converted

Y

,\;ELEO enormous'amounts of energy. 1In 1932 qHadwick demon-- )

strated the existence of an uncharged particle, the neutron.
" ‘ - . . "
In 1934 Fermi used neutrons to bombard various elements. .
, . v . .
Usually the nucleus would capture the neutron, give off g

-

beta particle, and thereby change to the next heavier - -

element. Whén uranium was bombarded wiph neutrons, it tqo

gave off a beta particle. Fermi Believed that wuranium was

¥
-

behaving as the other e;ements,(but Hahn and Strassman, iq
T . )
repeating the experiment, found that instead of a’heavier
\ e - . -/ v

element being produced, two smaller élements‘were!formed.

»

The neutron had thus paused the uranium to split. , Large

amounts of energy accompanied the split, because the<smq}ier

¥

-

g2
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»

particles and other products were not quite as heavy as the original
uranium plus neutron. The lost mass had been turned into energy

according to Einstein's equation. Several free neutrons are also N

forfred, which can go on to split other uranium atoms and thus cause a

, ' N c
A A, ﬂeh
o Energy.

L4

chain reaction.

N —7

Uranium pccurs in nature principally in two isotopes--
U—23g (less than 1%), and U-238 (99%). Of these two isotopes
on}y U-235 will split (is fissiéhable).

In 1951, with the U.S..at war, Presidert. F.D. Roosevelt
decided to commit the U.é. to construction of atomic weapons,
using the large amount of energy produced in fission for bombs.
The secret Manhattan project produced the first controlled

chain reaction at the University of Chicago in 1942, and in"-

. |
1945 the first nuclear bomb was set off in New Mexico. Three

L -

weeks later, nuclear bombs, the most terrible weapons ever

" used, annifilated Hiroshima and Nagasaki and ended World wWar II.

Nuclear weapons produced not only a gigantic explosion, ‘but
also tremendous ﬂeatb and covered the eritire area;with danger-
ously radioactive ﬁéterials.

Nuclear bombs use pure U-235, allowing the chain reaction

to g5 on uncontrolled. ghe nuclear reactor, on the other

hand, uses énly a slightly enriched mixture of U-235 and U-238
. '. o <
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(2%-4% U-235), witﬁ a controlled chain reaction. . -

L3 L

A nuclear “reactor has the following principal parts: 1) a

core of atomic-fuei, 2) a moderator, 3) a cooling system, -4) "a

I3

control system. . .

-4

A nuclear reactor must.first heYe fuel, wﬁieh is ,slightly
enriched U—235,‘in the form of uranium oxide. This fuel®is held -
in zirconium alloy tubes called assembties, which are combined
w1th a moderator such as water or graphite to make up the core\
of the reactor. The moderator s job is to slow down the fast-
moving neutrons, thus maklng collisions more probable

There are control rods of some neutron @bsorblng materlals

[{
such as boron, which .can be inserted between the fuel assemblies
N » .

<

L4

to reguiate the power' level of the feactpr. When they are fully

inserted into the core, they absorb so ‘many neutrons that the

E

chain reaction will be stopped. L

iKY

A circuleting fluid such as"water or gas is used in the

q

reactor both as a coolant and as a means for transporting
heat to the boilers for Stea; production.

. Surrounding the reactor .are several shields. The refléetor
shield is meent eo refléct back into the core neutrons that might
otherwise leak away. In addition, there will be shielding to -
protect operétfhg personnel from radiation, and the entire Feactg}
will be surrounded by.a large cencrete and seeel structure, meent.
to contain radiation and thus protect the environment.

The dispdsa%-of nuclear wastes is a problem that has not
been adequately solved. The wastes are the decay products of _

¥ -~
the nuclear reactions, and are removed periodically with. the X

101234




‘insertion of new fuel. The wastes ﬁo& total 600,000 callons
in thg U.S. This amount will, of course;\become greater in
years to come if thé number of nuclear plants increases. ?he
wastes remaifi radiocactive fo? és long as thousands of.years,
"and must be carefully'guarded during this period. At present,
only tempofary étorage tanks are beihg used. In the future,
it is ﬁopéd that thé ,wastes can be repfocessed, with useful
components bein? removed, and the remainder of the wastes

-

being stored in some permanent facility. Seyeral methods being

considered for this permanent disosal of wastes are: burying

them 1n polar caps, burying them in salt formatlons, sending

)

them in rockets to orbit and eventually crash 1nto the sun,

r'3

burial in the ocean in such a way that the wastes will be

carxried into the earth's core by movgments of the earth’s plates.

L

" The breeder reactor takes advantage of the fact that U-238

Ean-capture neutrons to produce Pu-239.

- v
. .

t-238 = n U-239 +Np-239 © +Pu-239

U-238 is the most abundant isotope in nature and, for the
‘most part, is left-over material_in ordinary reactors. Since
Pu—-239 ig a fissionéble material, it - can be used as a fuel.
Only a small amount of fuel (U-235 or Pu-239) .is needed to
operate the breeder, while &xtra fuel (Pu-239) }s p;oduced.

Hence -the term "breeder reactor" is used.

The use’of the breeder reac&or extends the life of our

I

» . - .
dwindling uranium supplies by many hundreds of years. ~There




‘made sources,-can be harmful to living organisms in a number

. D)

I3 Ly
»
.

are, however,, some problems with the development of such

reactors. that have delayed their acceptance into wide usage.

The principal problem is that of sabotage, since Pu can be made

into a bomb. : ~

. . One other ﬁppiﬁ/that should be covered is the effect of

radiation. EXposure to radiation, either from natural or man-=
- = N >

o s . .ol
of ways. Effects of radiation on an organjsm are classified
broadly as-somatic effects (those occurring within the ex-

posed organism) and genetic effects (those affecting descendants

of the exposed organism). An individual who is exposed to a
£
large whole body dose of radiation will suffer immediate ill=

ness and/or death.' Most somatic effects, however, are the
L3 » .

result of repeated, brief exposures and are manifested as higher

incidences of cancers and leukemia.
Some radioactive isotopes, when ingested with food, have
the capacity of concentrating themselves in certain parts of

.3 .
the body. Strontium-90, for example, concentrates in the

- ¥ ~

bones, while cesium-137 concentrates in muscle tissu& and

iodine-131 concentrates in, the thyroid. Because of this

¢

ability, cerpéin radioisotopes do more damage than others.
In addition,' some radioactive isotapes. tend to become concen~-

trated in‘a.fqod chain in such a way that animals which are

on .the end of -the food cha'in receive larger doses. «
~ - ~ - %

Man {s exposed to many sources of radiation. These in-

clude occupational sources, medical sources, fall-out from

nuclear weapohs tests, and natural background radiation that
- . \ . L
: ! c g -
will vary from area to area.” The additional exposure guffered

>

-

-
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: " L ¢

by the average peréon due to the siting of a nuclear power

plant near his home is negligible. Oniy in the case of highly
improbable accident at a reactor or at a fhel processing plant

would there be any chance of a harmful ekposure'of_any segment

e

of the public to radiation. ' !

PRICE-ANDERSON ACT

.

When nuclear power began to emergé as a practical means

- DT

&

-

of power generation, the U.S. Congress faced this question:

what is the best method of providing for'damages arising frgm’
d ’

°

a nuclear accident, even though such-an event is extremely re-

mote? The Price-Anderson Act evolved to answer that question.
It requires a utility which operates a nuclear power plant’to

purchase the maximum amount of liability insurance it can ob-

- =

tain, currently $110 million. The federal governmént provides g
“ v

additional insurance, up to’ a total of $560 million, to pay ) .

N 5

the public for damages from a ﬁuplear accident. "Thus the

v

. rd
government cq{rently provides $450 million in insurance. Each
\ .

utility pays a premium to the government for Price-Anderson

- cowérage. y

o
'

The Price-Anderson Act relieves all parties of liabilit{es
1

¢

in the event that damage from a nuclear accident shof®d exceed
the $560 million maximum. Critics of nuclear pewer are quick

to point out this provision, and say that the maximum is not . .

-
<

enough. , . ) .

A privaté insurance‘’pool provides insurance on nuclear

facilities themselves. Theraedis no government-backed coverage
. !: 4 .

on nuclear facility property.

)

12 |
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REACTOR

MILLING ,
MAJOR STEPS IN NUGLEAR FUEL CYCLE




TYPES OF \REACTORS \

-

A fuel.core ﬁnd control rods plus circulating water, as

) : 2 . ; &
coolant and moderator, are the basic components of an operatfﬁ%&m S
. , L . »
nuclear energy conversion device. Also required are ways to

get this heated water to a heat engine, convert it to mechanical

LN

work, and-turn a generator. It is in the accomplishment of this ‘f
[}
LY .
heat transfey that' differentiation between various reactor types
| 4 . R

takes pléce. In this country, at the present tiﬁe,'allvcom-

mercial reactors are thermal, or slow, neutron reactors. Light

v

water—moderated,'they use enriched uranium as- fuely that is,
uranium in which the amount of .U-235 has been enhanoed by three

!
to four times its natural abundance. There are two basic types now

' w

in use: the boiling water reactors, BWR, and the pressurized

water reactors, PWR. Generically these are the «dight water

reactors, LWR. ’

PWR: The pressurized water reactor contains, as
the ﬂame suggests, water under very high.bressure, as high as
2,000 pounds per square inch. There are, in fact, two sgparaté
water circulation systems, and it is the hiéh-pressure system that

?

is 'in contact with the reactor core. At such high pressures water

d9§5 not boil at the normal Z;ZOF and,)ggerefore, it remains a
S
liguid at’ the 600°F it reaches in the reactor core. This heat

energy is then transferred through a "heag exéhange" to the

second circulating system of low pressure watery in which it pro-

duces steam to drive the steam turbine.

From the turbine on, the operating machinery is basically

o

the same as in a fossil fuel plant. In particular there is still

. t 4 o
need for a third water circulating system to condense the steam

129
107
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' H
! back to water. In contrast to the first twp systems, which are

t . A 4

esentially closed,.this last one is open and connected to a body
~ 4 .

of Watef or a cooling tower.

- ¥ i

In the PWR it is easier to contain the radioac#ive materials

that inevitably léak through the fuel rod cladding. The first

pressurized system is completely separated frcom the other parts

£

-

of the system and, in particular, from the turbine.

The PWR reactor was the first one to be put into commercial

éervice, at the Shippingsport, Pennsylvania, planf in, 1957.
Cit is ;§$o the type used in ‘nuclear submarines.
BW%;/ The boiling water reacter has only one circuygting .
watér‘sys;em in Which the water.is at lower pressure (about
1,000 pounds per square inch) and is allowed to boil. The

steam generated by this boiling rises to the top of the core

» ~ ° 3

region and, after passing through steam ‘separators and dryers,

is piped direétly to the turbo-generators.

Sance the ;team comes in- contact with the fuel rods in
the BWR, this freactor" could release radioactive pollutants
to the environment. There is alwayg some leakage of fission
products from the rods and some watgr—boiigzimpurities made ‘radio-
éctive by the neutron flux in the core. It ;s thtis importéné&

) that the steam be tightly contained and not allecwed to escape.\
™~ l The first commercial BWR was installed at Commonwealth

® Edison's Dresden, Illinois, plant in 1960.

BREEDER REACTORS .

A s

The reactors we have discussed so far are classified as e

108
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"converters" and their major purpose is to convert. the fission-

able fuel——almost”exclusively dt235——intb en%rgy. Although

S the energy these reactors produce, per ton of fuel, is quite

~ can be created in neutron reactions. u-%33 is produced‘by

1 4

fﬁmpre551ve when cempared with fossil fuel plants--less “than 200

tons of uranium per year for a‘l,QOO Mw r?actor as against 2 .

million tons of coal for a coal-fired plant of the same capacity,
there are not many,thousands of tons of uraniym around. It was
natural, from the beglnnlng of, the nuclear age, to look for other

ﬁlSSlonable fuels

»
n

kY

What is‘requrred to make a nucleus fissionable by slou
neutrons is.a particular struqturer It has to have, so to speak,
a hole for a neutron to'fall into so that the prcbability or
neutron capture will be high and a sufficient amoufit of energy
will be released. .U-235 is the only naturall} occurring nucieus

which has that structure,. “

There are two artificial isotopes, U- 233 and Pu- 239 that

the neutron bombardment of Th-232 (thorium). Pu-239 is, produced

'in the same way from U-238. Since thorium is actually a little

3

more plentiful than uranium, arnd U-238 has been, so far, con-

\ t
sidered a waste material, the addition of these two elements

+
]

promises to greatly extend ghe supply of fissionable fuels.
In order to "breed" fuel; to produce more fuel by thése
. ' ’ . -4

reactions than is used in the dore, -there must be mare than two
- .

neutrons per fission available: .One of these sustains the c¢hain

reaction and the ‘other is used to convert U-238 or Th 232 The
\

!i%ccess of a breeder is measured by the breedlng ration, B.R.,
3

. 109 131. S
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the ratio of the aﬁount of  fossil fuel produced to that used
up. A -second measure of importance is the “doublinq time,?ﬁ%hei

time it will take fdr a breeder reactor to produce enough fuel

3

to run a sacond reactor, ’ v : . °

IS

., . _
There are two types of breeder reactors: the thermal

A o ¥ . ’
breeder reactor, which uses slow neutrods, and the fast breeder,

. which uses more energetic neutrons. The thermal breeder works
with Th-232 as fuel and the fast breeder with U-238, Most of

the present research’ and development effort is going into the

i . oo
fast breeder. " . ©
* ‘ h .
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THREE MILE ISLAND NUCLEAR GENERATING STATION

‘

>

2

ENVIRONMENTAL IMPACT OF ELECTRICAL POWER GENERATION: NUCLEAR

AND FOSSIL \\\ :
any rvooll \ .
The transfer of heat\ from the reactér to the steam generators

- -

produces tremendous quantities of high-pressure steam. In the

.

turbine building, the steam blasts against turbine-blades, turning

the huge turbines 1800 revolutions per minute (30 turns pef second) ..
» —

-

The connecting shaft of the generator rotates a coil of wires

within a magnet and electricity flows. Transformers in the -
substation step up the voltage for long distance transmissior.
Having used up much of its enerqgy in turning the turbines,

the now low-pressure steam is condensed to liquid form and sent

S

back to the steam generator for re-use. The water which cools

the steam becomes warm and is sent to the cooling tower. Trickljing

"

down over what seems to be thousands of venetian blinds, a small
percentage of the water evaporates, cooling the remainder. The .

purpose of the huge tower is to cause a draft which will aid in

-

the evaporation and carry the heat high into the atmosphere where
' . ’
it dissipates. The cooled water can then be recycled to the

LR,

s

condenser to cool more steam.

¢




. Steam Generators
. Main Steam Lines
. Borated Water Tank
. Fuel Handling Building
. Spent Fuel Storage-: Pool,
. Fuel Manipulation Crane,

Containment Structure

- Containment Enclosure

Shell

. Containment Building

Crane

. Reactor Vessel _\\\\

. Control Rod Machinery

Reactor Coolant Pipes

. Pressurizer
. Reactor Coolant Pum

.

Platform Bridge & Hoist

. Fuel Shipping Area

. Turbine Ruilding ®

. Main Steam Piping

« High Pressure Turbine

« Moisture Separator

. Low Pressure Turbines

. Electrical Generator

. Electrical Substation

. High Voltage Transmission

Lines ™ :
Condenser i

: Tooling Water Loop
. ‘Cooling Tower
- Watersphere "(For Fjltered

Water and Fire Service).
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NUCLEAR FUSION

Nuclear fusion is the fusing of hydrogen ions at very‘high
temperatﬁres to.form the heavier e;ement helium. Mass dis lost
during this prééess and is~changed into enormous quantitieé
of energy by Einstein's formula, E‘= mcz.,;This energy could
then be used to produce e%ectricity. The sge;gy of the sun

comes from this process where 40 billion tons of hydrogen are

fused. per minute. *

o

Hydrogen occurs largely in nature as light hydrogen (Hl), '

‘heavy hydréggp or deuterium'(Hz), armd tfitium thqt can be usgd
in the controlled fusion reaction. The best source of deuterium
_ié sea water, but tritium must be manufactured from lithium, *
siﬁce the émount of it found iﬁ\nature is too small. ‘Lithium is
}airly abundant in 'the .earth's ¢rust, and sea water is abundant,
so that there is sufficient’fﬁel for fusion to last for hundreds
of years. 1If.the reﬁction can be made to occur using only
deuterium, there wills be sufficieht fuel for thoééénds of years.

In addition to the abundance of fyel, fusion has other ad-

vantages. The radioactive by-products are much fewer in number

.than those égigission reactions. 1In addition, the reaction does

not need to be controlled as does a fission reaction because
there is no chain reaction involved. . §
‘However, there aré stringent conditions that must be met

before fusion can take place, and so far research has not com-

pletely provided these conditions. Temperatures near 100-million
degrees must be reached- at high enough density and for a long

endugh period of time for a reaction to occur.

. . / : ~ ‘ \
. ‘ .. 116140
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Many technical problems must be overcome before any of
. &

thése processes are workaﬁkp, let alone being scaled up for

~ -~ .

.commercial ysage.. At this point in time, more energy is being

put into thp~react{on-than is being produced. Optimists
predict a break-through in the 1980s, but most scientists feel
0 . (..

that success will.be at leagt several decades in the future.

L)

NUCLEAR FISSION .o
<

v -~

Composition/ . .
_ Origin Uranium gnd Fhorlum ores

{ - . . . b4 -

’

Location ‘I ,Ores are found in Colorado
Basin, Canada, South Africa,
Zaire, India.

- L 4

t '

Extraction/
Conversion

-

Chemical processing concentrateg
. ore; enrichment of desired .iso-
o I ".topes by physical means, e.g.,
.gaseousg diffusion. .In nuclear
- - reaction, nuclei of heavy atoms.
" of "fissionable" isotope are
. ' * ,bémbarded by neutrons causing
¢ * nuclei to split, converting the
matter to great quantities of
* -heat. Fission of one atom re-
“leases neutrons causing a chain
reaction, splitting other atoms
1. in a controlled process. Turns
R wdter to steam to drive turbines
R ' and produce electricity.

" e . \L\
— .

s -

-~ —--Uses:__ . _ . |" 100% electrical genération

. ) s




~

- SOURCE HOW CONVERTED ! COMMENT N

Nuclear Fission Uses U-235 as "starter" to bombard | Uses less scarce U~235 than present .
(breeder .- - Surrounding atoms of nonfission- light-water reactors. Some plu-
reactor) - able-U-238 and convert it to Plu- |- tonium is produced directly in

tonium 239 which is fissionable, light-water reactors;is cooled by
"creating" nore starter. Jiquid sodium (difficult to handle).
B - Possibility of accident, especially
during transportation of wastes, more
i p g of a concern with plutonium than with
s | uranium. Technological difficulties.|

| BN
| T S

. Thermonuclear Fusion of atoms of hydrogen to Hydrogen is very abundant. Ordinary
Fusion . form heavier atoms of helium seawater could be used as source of
under extremely high tempera- fusl ery efficient reaction. Re-

ses Only small amounts of radio-
activity. However, it is technolog-
ically very difficult to achieve a
-controlled reaction at present levels
of technology and knowledge. :

tures (100 million degrees C)

inja controlled reaction (as,

opposed to the uncontrolled

. . fusion reaction of a §ydrogen
) bomb. ) .

8TT

°

»
.
. .
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TITLE:  °  THE MUCLEAR REACTOR I ' : .
iEVEL: Science )
> OBJECTIVE:  To develop an~undersbanding-of the nuclear Treactor )
anq its potential for pr cing electrigity. .
MATéRIALS: Library and-research.ski$§255;d materials

ACTIV£F§3 The nuclear reactor is a device for the controlled .
. fission of a fuel (uranium and thorium). A Nuclear
| fission occurs when heavy atoms, on being struck
in the right wSy by a subatomic particle called !
a neutron, split .into two or more fragments and )
‘ ) release energy in the process. ‘
. | ) )
Eave students conduct library research and contact
organizations td learn about the operation of a :
nuclear reactor Hnd its potential use in' the future.
' Students should dbtain answers to the following '
- questions. e

.t

1. What are ‘the components of the nuclear. reactor -
- system? How does the system operate?
. o

2. How.efficient is the nuclear power plant in
comparison to the fossil-fueled plant? |, .

3. Does nuclear energy compete economically with
. © other forms of enerqgy? K
4. What are the most serious dangers involved in

the production of nucle%r enerqgy? , N

. 5. What are ‘the major kinds of safety'.systems guilt .
into the nuclear power plant? *

6. What is the "emergency core cooling system" in
a nuclear reactor? Explain.

- .

w

e ot » ‘
How is radioactive Waste transported, stored,
and disposed of? : :

8.  How do thermal discharges from the nuclear power
, ' . plant affect the life cycles of aguatic plant and
" animal life? .

' "+<9. Can we afford to bypass the construetion 6f more ——
_nuclear power plants for cleaner and safer means *
& of denerating electric power? If so, what are
: the best alternatiyes to nuclear power? ’
10. What agency approves the licensing of a nuclear
power plant? T .

’ T . 144 ‘ . L
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How many nuclear power plants are now under
construction in Louisiana? Where are these
plants located? How many plants does Louisiana
plan, to build during the next 10 years? Where

What' criteria does Louisiana use to select sites

What® is the Price~Anderson Act? .[Explain.

Where are known reserves ofqpranlum located in
the United States? In other countries? How
long* would uranium reserves in the United States
last based upon present consumption rates? Could
the breeder reactor greatly extend uranium sup-
plles° If s%, how? To, what extent does the
io foreign countries?
United States import

What is a nuclear reproce551nq plant and how does

... 37219 —— . i S
@ .

3~_¥Nuc1ear Regulatory Commission, Washington, D.C.

* Clinth River Breeder Reactor Plant Project, P.O.
Box U, .Oak. Ridge, Tennessee 37830 : -

Enérgy R%search -and Developmeht Administration,
20' MasacHhusetts Avenue, Nw, Washlngton, D.C.

Tennessee Valley Authorlty, 400 Commercd Avenue,

)

East Tennes%ee Energy Group, 1538 Highland Avenue,

Tennessee Energy Office, Suite 250, Capitol Hill
Building, 7th and Union, Nashville, -Tennessee

Tennessee Environmental Council, P.0%. Box 1422,

>

Qennéssee Friends of the Earth, Box 12489, Nashville,.

L4 "2
/ 11.
v
will these plants be Jocated?
12.
{ . - for nuclear plants?
\ 13. What is a nuclear park?
v -
i//‘$ . ¥ 14
o 15.
United States sell uraniu
Why is this done? Does tf
4 uran1um° :
N 16.
A it function?
"CONTACT ORGANIZATIONS: -~ °
“be & ¢ -
) P i'o
' sy i
s 1 [ . , ! 27‘
\ -
; | -+ . 20545 :
| .
v
, owmzosss -
’ 4,
. - Knoxvllle, Tennessee 37902
['4
5.
. Knoxville, Tennessee 37916 °
. 6.
L ]
—— - :7.
Nashville, Tepnessee 37202
8,
) Tennéssee 37212
Q T
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- .t
9. Tcnnessee Citizens for Wilderness Planning,
130 Tabor Road, Oak&Ridqe, Tennessee 37830

10. American Association for the Advancement of
Ecience, 1515 Massachusetts Avenue, NW,
Washington, D.C. 20036

11.. American Nuclear Society , 244 East Ogden
Avenue, Hinsdale, Illinois 60521

12. Atomic Industrial Forum, Inc., 475 Park Avenue
" South, New York, New York 10016 b

13. National iIntervenors, 153 L. Street, “SE,
: Washinqion.‘p}C. 20003
. "
14. SCientistg' Institute for Public Information,
49 Fast 53rd Street, New York, New York 10022

FIELD TRIP SITES:

- —— I

1. Little Gypsy Steam Generatlnqaflant, Montz, .
Louisiana .

‘ 2. Louisiana Rower & Light Waterford Steam Generating
Plant, Taft, Louisiana =

ey

‘3. Gulf States Utilities River Bend, St. Francisvilte,

Louisiana )
>, 4. Misgissippi Power & Light Grand Gulf, Port Gibson,
Mlsslsslppl

5. Nine Mile P01nf Sfeam Generatlnq Station, Westweqo,
Louisiana. —




TITLE: HOW MUCH URANIUM? . K
AREA: Science,. Mathematic

OBJECTIVE: To cgdculate the amount &f uranium available for
‘ lith—wat?r reactors and bhreeders.

' MATERIALS: Library resources

ACTIVITY: Give theés;udents the data contained in Table$s 1
and 2. .

1. Ask them to calculate the amount of U,0_. needed
to keep the 1975 installed capacity operating
until 2000, and 2030.

— [ 2. Can this 0,0, be obt3ined from the reserves?

378
b ‘ 3. How long can we keep the 1975 installed capacity.
operating if we use reserves, probable and
possible resources (at $30/1b.)?

£

. How much U 08 (cumulative) is required by the
—_ year 2000 %or the mid-~growth scenario?
: . ~
5. Can this be obtained from the reservds? -,
- :
Ll Q ) X 3
. 6. How much cumulative U3O would be required to
operate the installedozﬁoo capacity until the -
year 2030 in the mid~-growth?

7., .From what reserve or resource area must this

7 -

come? .- -

If conventional reactors use only about 1% of

the enefrqgy in uranium and-breeders use 50% of

the energy, how long could the U.S. operate

510,000 MW on the quantities of uranium in the

hY (a) reserves, (b) reserves and possible and probable
resources (at $30/1b.)?2° ’ '

o]

.

Teagher‘Note§i

I

~

¢ ' ANSWERS: ’ 1. 25 yrs. x 9.TT* 1 yr. = 225TT

. o . . ‘ 2. Yes

TTTTTTT T 3.7 Reserves + prObable +-pOSSib1€‘ =
e .- ‘640 + 1060 + 1270 = 2970 x 7T - %

4. .1,195 TT

. **TT = Thousand tons

ERIC | | 122 147y
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5. No

6. 1,195 177 + 82 TT/yr. x 30 years =
365 TT

7. Reserves + probable + possible
speculative + ? '

8. 510,000 MW uses 82 TT/year for

conventional '
or 1.64 TT for breeder (assuming
50 times more efficient)

a. 640 TT = 390 yrs.

b. 640 + 1060 + 1270 = 2970 TT

2970 TT = 1811 yrs.
1.640 TT/yr.




. TABLE 1 U.S. URANIUM RESOURCES (THOUSAyD TONS‘U308)

S i Potential
$/LB U308 Cutoff Cost Reserves Probable Possible Speculative * Total

N

by

10 | ° . ; ‘ 270 440 420 145 1,275
15 ) . 430 655 675" 290 2,050
30, . . ' 640 . 1,060 1,270 590 3,560
By-produgct from copper ; .
.and phosphate produc- - . - -
tion 1975-2000 " 140 ' 3,700

] . -
T

Source: LStatisEical Data of the Uraﬁiuﬁ%Industry -'1976, ERDA;, Grand Junction, Cos
Colorado. January 1, 197s6. i ) \ '

<

’

" TABLE 2 ANNUAL AND CUMULATIVE b308 REQUIREMENTS UNITED STATES

. 1975-2000 (ERDA MID Scenario)

1975 1980° 1985 1990 ~_2000

installgd Capacity ) -39,000MW 67,000MW l45,dOOMW 250,000MW 510,000MW

U0, Requirements, Annual 9 .19 - 36 55 82
(Thousand Tons) C

v

? . o
‘U505 Requirements, Cumulative 9 73 220 455 1,195
(Thousand Tons) = ; - : e :
Source: 1975: . “Edward J. Hanrahan, Energy Résearch and Beveiopment Administratjon,
- s Demand for Uranium and Separative Work, Atomic Industrial Forum
‘ Fuel Cycle Conference, 1976, Phoenix, Arizona. g

1980—2009: Edward -J. ﬁanraﬁan, Richard H. Williamson, and Robert H. Brown,
. Wgrld Requirements and Supply of Uranium,, September 14, 1976, AIF
Internatioqal Conference on Uranium, Geneva, Switzerxland.

1




TITLE: A LOT FOR A LITTLE _ ° -

» AREA: Science | :\ t
. . > :
OBJECTIVE:3 To describe the various kinds of nuclear reactors ‘

and the ways in which both U-235 and U-238 can be
used as energy sources.

MATERIALS: Library, research skills and materials
o ACT&VITY: 1. Review the reaction for the light-water (converter)

reactor$$ Describe the reactants and the products.
P '

(PWR "and BWR) .

a

. 2. Comparé and contrast %ii/tﬁ6<z;;;;qof converters

3. Distinguish between this reaction and that of
'the breeder reactor. Have .students list advantages
and disadvantages of each process.

a
.

. . 4. "Have students propose solutions as to what 'to do
with nuclear -wastes. ' i

Teacher Notes:

<
N

s

Reference: National Science Teachers Association. Energy-

. Environment Sourcebook, 1975. .
» ° $ i
/ ‘:J
a . - -
- B
» 14 4 !
W- "
v
. , ]
. . ‘ oF
;
b}
. 5 \
\ 3 v d
Y/ -
" \\/ 10.1
rd \ )
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TITLE: THE ECONOMICS OF NUCLEAR VS, COAL-FIRED PLANTS 4

AREA: " Science, Mathematiecs

OBJECTIVE: To calculate the cost factors of nuclear versus
- coal electrical-generation, and explore how changes
in the current costs will affect the future com-
paratlve costs of these two, eflergy sources.

‘MATERIALS: Pencil

ACTIVITY: The follow1ng guestions are exercises 1n calculating
electrical generatlon costs:

1. 1In 1976 dollars, a nuclear power plant costs
$667/KW to build.

»

‘a. What is the'cost of a 1,000 MW plant? "

b. If the plant has a 60% capacity factor, how
many KWH will be generated in one year from
a 1,000 MW plant?

c. If there.is 13% capital charge rate, what '
1s the capital charge/KWH in mills? KWH?

2. A coal power plant with scrubbers costs $555/KW
to build. Given the same 60% capacity factor and.
a 13% capital charge rate, what is the cdapital
\ charqe/KWH’>

\ 3. Wthh plant is cheaper per KWH to const::uct’>
s

s _4. If U 0 costs $30/1b and a 1,000 MW plant
BRI Operatlng @ 60% capacity uses 200 tons/yr., what
“315 the cost of nuclear fuel in mllls/KWH’>

6

‘ l . 5. If coal costs. $1.08/10 BTU* and a %éOOO MW plant ’

operating @ 60% requires 48.66 x 10~ “ BTU, what
is the cost of fuel in mills/KWH?
. L .

6. Which plant costs less to fuel?

- . ) ) X

 *Based on a cost of $17.00/ton and .15/74 x 106 BTU/ton.

t
-




»

7. Better cost figures for coal and nuclear are
obtained by adding .operations and maintenance
, for both fuel treatment for nuclear and trans-

{ portation for coal: Cost mills/KWH:
Nuclear €oal with Scrubber
». Operations & Maintenance 2.0 . 2.8
Fuel - Transportation ' 2.0
Conversion to UR6 .1 .
Enrichment ' 2.0
Pabrication 0.4
Spent fuel, ! . .
storage, ’
disposal 0.4

- :
Add in the values obtained for capital charges and fuel costs
~and compare the costs of nuclear versus coal.

8. The future cost of nuclear versus coal. Calcu-
late what will happen to cost of electrical
production with the following changes:

a. The cost of nuclear plant construction
, > increases to $2667/KW when coal goes to
. $1665/KW '

- < . . °
b. The cost of U,0_. increases to $100/1b.
and coal to $3.§6/106 BTU.
. t

X ¢. a+b '
d. , Suppose that five years from nodw,
: the cost/KWH of all costs of nuclear and

o . coal have doubled.. How expensiye can U308

o . become and still keep nuclear c mpetitive
with- coal? /

Teacher Notes:

ANSWERS: °la. 1MW = 1,000 KW -
Cost = $667 x 100
. $667,000,000

. . ‘ 1b. 365 ‘days x.24 hrs. x 1000 MW x
~ : - . 1000 x .60 = 5265 x 10° KWH/yr. -

®x .13 = §86.71 x 10%r.

$86.71 x_lO6 yr.

5256 x 10° xwH/yr.

lc. $667 x 10

= $.0165/KWH =

16.5 mills/KWH

RIC o sy - '




.
% . >

. 6 ¥ 6~ .
2, $555 x 10" x .13 $72.15 x 10" yr.

$§72.15 x 10° yr.

= 1317 mills/KWH
» . \“32%6 X lOG.KWH/yr. ‘

3., Coal with scrubber

‘4. $30/1b, x 200 tons x 2000 1lbs./ton =
$12 x 10° yr.

Y 6 ) )
. S P12 x 10 -yr‘ = $.0023/KWH . °>

* 5256 x 10° KWH/yr
=".3 mllls/KWH

5. $1.08/10° BUT x 48.66 x 1012 BTU/yr.

$52.56 x 10°-yr.
"$52.56

~ : . 5256 x 10° KuwH

s

$.010/KWH .

e

10 mills/KWH
"6 Nugleér V \

7. Ngcléar total = 23.7 mills/KWH
' Coal total = 28.5 mills/KWH

EYNN

8a. Nyclear increase $2668 _

’ w S 667 = 4x
ke B Capital’ charge = 16.5 x 4 = 66
g increase = 49.5 .
X o fmzf”total cost = 49.5 x 23.7 = 73.2 mills/KWH
. - Co 1 ., ', _
~« 1665/$555 ={3x i.
. Capital = 1377 x 3 = 41.1 mills/KWH'
‘ Y « increage 27.4 P
: ’ +Total coal =728.5 + 27.4 = 55,9 mills/KWH
8b. Nuclea: $100 3 33
. o, . $ 30 *
N - U40, = 2.3 mills/KWH x 3(33 = 77
) N J. ¢« increase = 5 4 .
T 4Nuclear 23.7 + 5 4 = 29.1 mills/KWH - '
- By - . -{
- Cqal 2,1671.08 = 2x ’

. " . ¢ Coal - 10.00 mills/KWH x 2 = 20.00
increase = 10.00 ’

.., . Newcoal“= 28.5 % 10 = 38.5 mills/KWH




e

—

8c.

i

Nuclear - ’

23.7 + 5.4 + 49.5 = 78.6 mills/KWH
Coél -

28.5 + 10 + 27.4

Yo

65.9 mills/KWH .

378
doubled = 43.4 mills/KWH

If coal doubles = 57.0 mills/KWH

Nuclear cost -.U,0, = 21.4

To be competitive U308 = 57.0 - 42.4 =

19.6 mills/KWH or less.

$.01%6/KWH x 5256 x 1o6 KWH = $81.99 x
6 s :
107 yr.

A plant uses 4 x lQ5 lbs./yr.

6
Cost: $81.99bx 19 r= $205/lb.
4 x 107 1bs.

U:;O8 can cost up to $205/1b.

e

-
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~ LS‘uiijem'gnt ary 'Act'lVit'le;S‘

Using- the infopmation;on the map below, locate and try to name the nuclear power
plants near Louisiana. 1Is this a heavily concentrated region? ' Why is ‘this so?

-
'

K N - R o

o

P

® WITH OPERATING LICENSES
0 WITH CONSTRUCTION PERMITS

O LIMITED WOFRK AUTHORIZATIONS
. A ON ORDER

.

Nuclear power plants operable, under construction or proposed at the beginning of 1978

Aruitoxt provided by Eic:
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TITLE:
AREA:

OBJECTIVE:

MATERIALS:

ACTIVITY:

*

4

BIOLOGICAL AND ECOLOGICAL EFFECTS OF RADIATION
Sciencg, Mathematics o a

To cglculate the amount of radlatlon in hls/her own

environment. X . ? o

Library, research skills f

1. Review radiation effects as discussed in the
1ntroduct10n to this unit on nuclear energy.
Discuss the four kinds of nuglear radlatlon as
depicted in the accompanying ‘master. '

Using the accompanying student activity sheet,
have each student compute his own radiation
-dosage. .
-Plan a class discussion or a551qn a written
composition on the following questions:

°

a. How large a part does radiation from—a——— ——

i
A
\

nuclear power plant play in your radiation
dosage?

If you were going to be a nuclear engineer
and work in" a nuclear plant4”how would you
adjust your lifestyle so as to keep your
_dosage about 200 mrem? e .

If three nuclear power plants were to be
built in LoulSlana, where would you place
them to minimize radiation dosaqe for all
Lottisianiaps?

Is the radiation from a nucleaf power plant
harmful?

What arg some ways in which'people working
in radiﬁ%ion areas, such as x-ray technicians,
nuclear enginegrs, and radiation biologists,
protect thems:$be§~fr0m;radiatién exposure?

What are some of. the 1mportant uses of radia-
tion in- agriculture?

Teacher Notes:

ANSWERS: 4a. Very small

4b. Build your house out of wood. Avoid
unnecessary. ¥x-rays, etc.
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4c.

4d.

4e.

4f.

Note:

As far apart as possible.

The nuclear proponent would probably

say that the amount of radiation from

a plant is so small compared to back-
ground or other man-made radiation that
it ls megligible. The nuclear opponent

would counter by saying that any ad-

ditional radiation is harmful--even very
small guantities.

Shields, remote handling, cleanliness,

dosimeters (film badges) ..

| . [
Control of insects through sterilization
of males, causing mutations in plants,
preserving food, stimulating plant growth,

-as a tracer in pﬁysiologx>studies.

Several excellent films are avajlable regarding the effects of
radiation on the environment. Teachers should 'contact the vendors
. Of free loan films listed in free and inexpensive resources, to Ob-

»

tain information.

PERY
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TITLE: COMPUTE YOUR OWN RADIATION, DOSAGE
AREA: Science, Mathematics, Health -~

OBJECTIVE: To compute radiation dosage
MATERIALS: Listed in activity ‘ o -
— \ .. ”
ACTIVITY: We livé in a radioactive world. Radiation, is a1t
about us and is part of our natural environment.
By filling out this form, you will get an idea of
the amount you are exposed to every year. .

3

Common Source of Radiation ' Your Annual Inventory ¢

WHERE YOU | .Location* Cosmic radiation at sea level ﬂk‘
LIVE . Add 1 for every 100 feet of elevation

Typecal elevations® Pittsburgh 1200; Minneapolis 815, Atlanta 1050;
Las Vegas 2000; Denver 5280; St. Louis 455; Salt Lake City 4400;
Dallas 435; Barigor 20, Spokane 1890; Chicago 595.

{Coastal cities are assumed to be zero, or sea level).

House construction (% time fac{&r): Wood 35, Concrete 45;
Brick 45, Stone 50.

Ground: (% time factor)-U.S. Average

WHAT YOU Water, Food, and Air: U.S. Avp)ége'
EAT, DRINK
& BREATHE ‘

HOW YOU - Jet Airplanes: Number of 6000-ntile flights
LIVE — .
Television viewing:
. Black and white.  Number of hours per day
.Color Number of hours per day ______

X-ray diagnosis and-treatment:<
Chest x-ray " x 100-200
Gastrointestinal tract x-ray x 2000

Dental x-ray : x 20

Cogfare your annual dose to the U.S. Annual Average of 225 Sub Total _—_mrem

"At site boundary: Annual average number of hours per day —_—
One mile away: Annual average number of hours per day - -—
Five miles’ away: Annual average number of holrs per day S
Over 5 miles away:

-

~ . . Total __mrem

.-

One mrem per year 1s equal to:  Moving to an elevation 100 feet higher - e
’ f Increasing your diet by 4% - . .
¢ Watching one additional hour of Black and white TV per.day *
Taking a 4-5 day vacation in the Sierra Nevadg Mountains,

ERI
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PITRE:

AREA:

OBJECTIVE:

MATERIALS :
. ' e °

KN

CACTIVITY:

. DETECTING RADIATION

“ k. : .

Science

To measure the- 1nten51ty of radiation, the effect
of air.on beta particles and gamma rays, and the.
absorption of radlatlon
. .
Scalar counter, gamma soyrces, beta sources, lead
sheets, paper and aluminum sheets, Coleman lantern
mantle, sand from weighted tape dlspenser, d1al from
clock painted w1th Iumlnous palnt o

]

-I. TEgT.—;To determine if thé scalar counter is work-
ing properly. Be cerfain that the high voltage is .
turned off. Too much damage will ruin "thé GM tube.
All radiation is to be recorded in counts per minute.
The counter will cdount the radiation and time your
experiment for you. The timer will measure to the

.01 of a minute; therefore, when the timer reads 100,
a minute has elapsed. 1In the test the electri } by
will be registered. You should get 60 counts ~
second. If you allow the counter to run for d&ne
minute, what should the counter read? .

] " 4

+c/m

v

IT. BACKGROUND. Background radiation is the radia-
tion about: you. This radiation is natural from both
the earth itself and outer space. Naturally man has
increased thlS level with atmospheric testing of bombs.
Since this number will be used to correct your read~
ings, you should take at least three readlngs and-
average ‘the .numbers, -

III. INTENSITY OF RADIATION. "o measure the
radiation being given 'off by different radioactive
sources, place. the sources where you can-get. maxi-
mum count. Place the sources at the sameé distance
from the tybe each, tlme. All sources will emit beta -
particles and gamma rays. Yot Wwill test:-a Co¥eéman
‘lantern mantle which H&s Th?232 Its ’ﬁf'alf-—llfe‘«“:js)q

1.4 X lQlO years. After the mantle has burned, it
is still radioactive. --The mantle emits. alpha and
beta particles. . The gpvernment does not regulate
this radiation to which you are, exposed

" av. !EFFECT OF AIR ON BETA PARTICLES .AND GAMMA RAYS,

To, termine the effect of air on beta particles and

\gamma rays, plaee the radioactiVe Source 10 cm from
the window. Determine the count. Repeat at intervals
of 5cm up to 60 cm. Perform once for a strdhg gamma

“+source and once £or a strong beta’source., Graph this

data. The’ tlme should be on the X-axis since it
F P

R V3! .
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Aruitoxt provided by Eic:
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changes at regular intervals. The counts should be :
on the Y-axis’since it changes at irregular inter- N
als. Put both the gamma and beta on the same graph;
&éut a color key %on the graph.

»
K »

V. ABSORPTIVE EFFECT. ' To determine the absorption
of radiation by various solids, begin with a single

sheet of paper; progress to the aluminum and then to -
the lead. . )

Seé.following pagés for data sheets.
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. . DATA -SHEETS

Background Radiation \

. .Cc/m
c/m . #
' c/m
) . -
- c/m avérage background . -
Intenéity of Radiation ®
: , . -
, Material Used Type of Radiation . Count Corrected Count e
- . 3 e 4
’_.l xia Al
W
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TITLE: ' RADIOACTIVITY OF AIR

-

AREA: Science, Mathematics

OBJECTIVE: To measure the amount of radioactivity in a
collected air sample,

MATERIALS: Vacuum cleaner, Geiger counter, means of measuring
air flow
ACTIVITY: Entire class will take information from a single

demonstration following the procedure below. Fill
in the data sheet provided with the experiment,

do all the calculations and complete the questions
at the end of the experiment.

The apparatus peeded for this experiment will include
a vacuum cleaner, Geiger counter and a means of
measuring the air flow. (Note: students are to be
involved in figuring t this technique.) The yield
of a Geiger counter equals the counts per minute
divided by the disintegrations per minute. For most
Geiger counters it is approximately 4%. Additional
information needed: One Currie equals 3.7 x 1010 gps.

DATA TABLE ‘ //A
Rate Of Air £lOW % vuvuvevnnnnnnnn. \i.... cu.ft/min,
Time-air flow started.......eeeeeenenenn. hrs.
Time air flow ended.:...veevevevnrennnnn hrs.
Volume of air used (computed)........... cu. ft.
Counts per min. (computed).........oc.... cpm
- Beginning ‘time...... hrs. N

Ending time...,..... hrs. N

Total count......... minus backgrdund
Disintegrations per set. (computedY..... dps.

( . cpm .yield) = 60

Change dps. to Micro Curries............ . uCi
(one Ci equals 3.7 x1010 dps.)

Concentration of Micro Curries/cu. ft.., g uCi/cu.ft.
Concentration of Micro Curries/ml....... ' uCi{ml
Accepted Value (EPA) .. veveeneneoennennn. _ uCi/ml
Reference: vVollmer, Ggyaid W. Environmental Chemistry in Secondary
School, 1974. Carey, Walter. Experiment on Radioactivity at

Stone Laboratory. Activity suggested by Kenneth Mc¢cCall, Science
Teacher, Portsmouth High School, Portsmouth, Ohio.
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TITLF:

AREA:

OBJECTIVE:

 MATERIALS:

ACTIVITY:

" Now open the box and look at the pennies.

HALF-LIFE OF RADIOACTIVE ELEMENT
Science, Mathematics .

To plot a graph illustrating the half-life of a
radioactive element (represented by pennies).

Box, 100 pennies, graph paper (for each two studerrts)

0 b4 f A
Place 100 pennies "heads-up" in a box. Close the box
and shake it in all directiong for several seconds.
The pennies
that are laying "heads-up" represent radiocactive atoms

‘and those laying "tails-up" represent .decomposed atoms.

Remove the "decomposed">pennies. Record the number of
pennies rempaining in the box (radioactive).

Repeat this several times and record the number .of

pennies remaining after each shake. Repeat this
proced‘ie until all pennies have been removed.

Using the scales dn the theoretical grapﬂzggigé:)plot
the results. The amount of time it takes to Shake the
box and have -one-half 'of the pennies "decay" is
equivalent to the half-life of the pennies.
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Tollect and plot on a graph the data 'fromeach pair
of students in the class. Compare the class graph
to graphs for each pair of students and the theo-
retical graph of half-life (above).

— -

Optional Activities _

A\

]

Plot on semi-log graph -paper and/&r'pl logarithms
of the number o6f pénnies remaining eacH time vs.
times shaken. . ; e p

g,
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."ERIC

Fud

, . . % ’ .
Find the equation for the line. Compare with the.
basic equation for decay. .

Teacher Notes: ] . i

»

Students should shake the box for the same number of seconds
and in the same manner each time. If a cdin is leaning against
the side of the box, it should be flipped over without being looked
at. ) v

N
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" TITLE: SMALL + SMALL = BIG + BIG

AREA: Science o o

OBJECTIVE: To diagram the fusion process -and evaluate the
s state of technological progress in utilizing
fusion as an alternative energy source,
: MATERIALS: Listed in activity
ACTIVITY: Review atomic -structure to include a discdssion of
isotopes. Focus on the isotopes of hydrogen:
o ordinary hydrogen, deuterium, tritium.

A. The energy from deuterium

1. If 1 g of deuterium releases 340 million
BTU's, how much is released from one ton
of deuterium?

If coal releases 25 million BTU;s/ton, how
does it compare with deuterium?

If the world uses 300 x 1015 BTU's/year, how
many tons of deuterium would be reqguired to
supply that demand?

How many pounds of water would be required?

If the world's enérgy,use remains constant and
. there are 10 x 1012 tons.of deuterium avail-
able, how long would the deuterium last?
: ~
6. If the world's energy use doubled, how longi‘
would the deute;ium last?

F

Fusion Reactions. .
Ask the students to propose possible products
for the following reactiohs:

—>

2 .
1P —
£ <
| >
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Teacher Notes:

ANSWERSY

To Make the Reaction Work

Charge: two pith balls with 1#ké charges and

bring them together. Students should note -
how like charges 'repel one aaother—-just' \Z
as the positively charged 1D of 1T nuclei

do. R .

How then are we to combine those nuclei to
produce energy?

Ask the students to propose technigues, then
discuss actual methods. {(See Teacher Notes)

The Status of Fusion Reactors

Discuss with the students the problems of bring-
ing nuclear fusion onto line. Emphasize the
time and money that will be required to make
fusion reactors a reality. . :

A. Deuterium is rare. It combines with oxygen
.to make the laboratory curiosity "heavy water."
In a natural sample of. water, only one molecule
in 6500 is of that variety. In other words, in
60,000 pounds of water, there is only about 1
pound of deuterium. But water is enortously
abundant and the -earth's oceans, riverd, and
lakes contain ten-trillion tons of deuterium.

* The world's total "recoverable’® resources of
coal are estimated to be only 6 to 8 million
tons. In a fusion reaction. between deuterium
nuclei, ‘the total amount of energy released is

" 340-milldon BTU's per gram of dfgterium or

*abbut 1,5 quadrillion (1.5°'x:10%-7) BTU's per
ton. In contrasg, coal releases at most 25
million (25 x 10°) BTU's per ton when burned.
Thus each ton of deuterium could produce 60
million'times more energy than a ton of coal.

on RN

The energy content of all this deuterium is
difficult to comprehend. The total energy the
world uses in one year “could be¢’ obtained from
200 tons of it. Even if the world consumed
twice the annual amount of energy it now does,

. the deuterium supply would last about 50
billion years--which i& longer than we can be
sure the world will last. The use of deuterium
as a fuel is the most attractive fusion possi-
bility. y .

- . “‘._143 173
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B. n 3 fusgon reacglon two small nuclei

( D 1T° or ,He ) combine to produce a
larger atom, an atomic particle, and energy.
1. 2He3 + N + 3.2 Me V
2, T3 + P ~ + 0 Me V .
1 4 . -
3. 2He + N +17.6 Me V
4.'2He4 + HT +18.3 Me V
. 1 .
Me V = millions of electron volts *

1l Me V = 23 M BTU/g -
C. How cam the nuclei in reactions 1 to 4 be
made to combine? .

The problem is fairly simple to state. The-
reacting part1cles must be given enough energy
to collide in-spite of the electrical force
trying to shove them apart. 1In a simple
-~ .analogy, they must roll- up over a hill before
they can crash down together into the deep
valley. and give up energy.
Fusion reactions do occur in'the sun and in
hydrogen bombs. In those cases, energy. is
supplied in the form of heat. If a mixture
of dueterium and tritium (D, and T) can be held
. together and brought to a temperature of 50
to 100 million degrees Celsius (¢), the fusion
reaction will take-place. The 1gn1tlon tempera-
ture--as this reactlng temperature is called--
is about 500 million ~C for D + D mixture.
Since the ignition .temperature for D + T
mixtures is lower, the experiments now under#
way concentrate on this reaction.

The enormous temperatures which ar# needed
greatly limit conf1neme§fﬁte€ﬁﬁiques Ord1nary
vessels--bottles;.cans, and tanks--cannot be"
used The reacting partlcles must be suspended

in a vacuum, free of any* ‘matter which could con-

duct their ‘heat away. ‘We know of two ways to
'accpmo;;sh this, magnetic conflnement ang-
1nert;@ confinement. . -

A
« In’ magnetlc conflnement, the deuterium=

tritium mexture is giwen enough energy so o
that the electrons are strlpped from the "' -

nuclelégfcfmlng a "plasma" of charged electrons °
ei

and nu ~ This plasma can be controlled by e
. £ . -

.
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~tritium is heated extremely rapidly fg that

a magnetic field much in the same way that
a beam of electrons is controlled in a
television tube. Several different ex- R

.perimental approaches using magnetic confine—

ment are described below. . ﬁ

" In ‘inertial confinement, a solid target,

(a droplet or sphere) .of deuterium ,and

it reaches the ignition temperature

fusion before it can expand and redu its
density. Bombardment of a small sphere of
deuterium from all sides w~ith a high powered-
laser is one method which may achieve -this.
Given the current status of fusion and the .
scientific and engineering problems. which must
be solved before the "scientific feasibility"
of quion can be demonstrated, it may seem .
premature “to spend time considering what a
commercial power producing plant would look

. like.

The production of fusion fuels, because of

the enormous amounts of energy they contain,
should Gause littlé disruption of the environ-
ment. Removing one hydrogen atom in 6500

from the ocean will have no measurable effect

on it and the. amount of lithium needed is equally

‘miniscule when compared ‘to projected needs of

coal or even uranium,

The fusion reaction would be, it appears, as

environmentally benign as any technology s
except solar energy.

The fusion reaction, relying on-abundant
deuterium for fuel, could provide humankind
with energy for millions, perhaps billions,

of years and at modest cost to the environment.
Unfortunately, in spite of almost 30 yedrs of
scientific and engineering labor, and a billion
or so dollars spent in the U.S., we have not
yet produced a Self~susta1n1ng, controlled
reaction. .

- ' ' \
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TITLE:

AREA:

OBJECTIVE:

MATERIALS:

ACTIVITY:

.NUCLEAR SCIENCE CAREERS . / .

*

Science, Social Studies, Lénquage Arts Lo ,
To 1dent1fy career opp@rtunltles and educaglonal
regu1remg$ts in the field of nuclear scignce.

Listed in activity . .,

A. The students will write for information related
to career opportuniti.es in nugleg{ science,
To assure response to re%uests, tégh stamped,.
self-addressed envelopes? '

1" Society of Nuclear Medical Technologists , ~
P. O. Box 284 ’
Arlington Heights,

2- .National Science Foundation
1800 G. Street, NW

Illinois 60006

20550

Washington, D.C.

The Aherican Society of Radiologic Technologists

645 North Michigan Avenue*

o

Room 620

Chicago, Illinois 60617

4. Careers (Career Publication) ‘ ‘ .
Box 135 '
.Largo, Florida 33540 o
5. Nation Center for Informatlon on Careers

in Education . ,
1607 New Hampshire Avenue, NW
Washlnqton,xD C. 20007
After students receive the information, ‘they w111
identify the career which interests them most.
They will list in order the educational and other

‘Praeparatory needs to meet the requirements. .

- . AN . * e

Optional Activities: . ey

~

=

Make chart of careersyand their desctfbtioné.
7 %-

Assemble careev titleﬂ'iﬁtd bingo game. -.
{

o

Make bulletin board o% collage depictiﬁg‘careersh

2 .

Guest séeaker

o

; /; ¢ * .
(v .. - -
| s

L3

146

1
f
i
{
H .
| P
f
¢

)
AL\I

o




+ TITLE:

AREA:

OBJECTIVE:

MATERIALS:

ACTIVITY:

NUCLEAR ENERGY - VALUE CLARIFICATION
Science, Social Studies, Language Arts

\
To examine the factors involved in site selection
for a nuclear generating plant and the impact on
the environment and the community.

Library, resource materials

N

A. Organize the class so as to hold a simulated

public hearing by.the Louisiana Public Service
Commission on a proposal by the Electric Com-
pany to build a new energy-producing plant in
your community.

The following simulated situation can be adapted
for a specific community to provide ideas for
the background.

. ' \

A new industry has chosen this area to build a-
new plant that will employ 500 people, The
new industry has taken an option to purchase
land along the mdin highway where it borders a
_tributary to a body of water (river or lake).

-The Electric Company finds that they will need
a new plant to supply the additional electrical
energy for this pla t and the increased smaller -
needs in this area.’®.Its present plants are
running at full capacity. They have .chosen a
site for the new plant which is mdjacent to the
one the new industry has selected. The Electric
Company has decided to use nuclear energy to .
fuel the new plant. The factors considered by
thre Electric Company during plant site evaluation
are: water supply, geology and subsurface,
seismology, meteorology, proximity to trans-
misSion grid, demography, land usage and avail-
ability, labor supply {construgtion), impact on
local aquatic and terréstrial environment, local
economic impact, and ability to be licensed. .
The environmental groups in the area have joined
forces to point out some'of the effects on the ~
environment that the new electrical enerdgy gene-
¢+ rating plant will probably produce. )

The-Public Service Commission has decided to

hold a public hearing in the community to gather
"information to assist it in reaching a decision
whether or not to grant permission for the Electric
Company to build the new plant,

4
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B. One suggested organizational pattern for a “
class might be:

1. One group of three students to represent a
team to present the Electric Company's
position.

a. An engineer to present the ckground
of why the company needs t uild the
plant.

b. Another engineer to present why the
company has chosen the specific site.

C. A,tﬁird‘enqineer to bring ocut the o
positive side of the benefits to the
community such as: .

Construction jobs whilg the plant is
being built.
Permanent jobs while the plant is in
operation,
Economic benefits to the community:
y payroll which will be spent in the
S community and property taxes.
" e ’ ' . ¢
2. Another group of three students to represent
a team to present the environmental group's
position.
a. One to discuss water usage (pollutlon,r
industrial waste, a need for additionarl
‘water supply).

b. One to discuss air pollution (need for ..
-~ smokestack controls, references to air
pollution index).

c. One to discuss, land usage (any history of
flooding that might be pertinent, loss of

. farmland). e,
. T — ) . g .
- ) 3. One person to act as presiding officer.

I3

4, Five students to act as membefs of the
:% °‘Public Service Commission.

SJf~6;;Xstudent(s) to act as a reporter for the p
loca‘ newspaper.

6. Reméi der of the class to act as public
,Citiz I the hearing with questions

and comments’ ready when requested. o

- 178
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C. One possible format for.the hearing might be:
-
1. Allot 15 minutes (5 minutes to each member
N ' of a team) for presentation of the Electric
: Company's position.

2. Allot 15 minutes (5 minutes to each member
. of a .team) for presentation of the environ-
mental group's position. ‘

g

' s
3. Allot 5 minutes for the environmental group
to cross-examine and rebut the Electric
o . ) Company's position.

4. Allot 5 minutes for the Electric Company's
team to cross-examine and rebut the environ-
mental group's position. '

5. Allot 5 minutes for questions and comments
from the public citizens.
4

T D. At the conclusion of the hearing, the Commission
‘Members should vote on the question. Then the
entire class should evaluate the activity, dis-
cussing the questions raised, pros and cons,
etc. Perhaps parallels might be drawn which  in-
clude actual situations. .




COAL constitutes 89% of all fossil fuel reserves

in the United States.« It is undoubtedly a major fuel -
source of the future. There are some problems, however,
in the use of our coal reserves. e sulfur content and
‘'other combustion residue of our Toal make it difficult

to meet environmental regulations. There are processes to
remove the sulfur before’'burning the coal, but they are
quite costly at present. .

AJ

@ The environmental problems surrounding coal also
include mining techniques. Strip mining, where the to
layer of earth, the overburden,’ is regmoved to expose the
coal area, is an increasingly controversial problem. Great
and expensive efforts have been made to reclaim the earth
for later use. However, all of the environmental precautions °
greatly add to the total cost of our most abundant fos$il
, fuel reserves. .ot

A Today's students are likely to be unfamiliar{with
the use of coal as an energy supplier, but only 45
years ago coal was the most widely used energy source in
the world. 1In }947, coal supplied as much as 50% of




LY

America's eneryy needs while in 1971, it supplled under 18%

of the total. Develoupment of petroleum and natural gas reserves
dealt a severe blow to the coal industry and relegated 6zl to i
a poor third place in the enzrgy race. With the present energy
problems, however, the plgkure is likely to change again.

Estimates of presen{ coal reserves and how long these
reserves will last vary widely, depending upon who is providing
the figures. The Geological Survey estimates that there are .
about 217 billion tons of identified, economically recoverable
eserves of coal. (USGS, 1974) The total amount of known
c0al is actually much higher since there are known to be 1300
bilt*ion tons that cannot be recovered economically using present
technology. This figure includes the .50% of the codl in most -~
underground mines which is left to support the roof. There are .
then about 1.5 trillion tons of identified coal in the United
States. (USGS, 1974)

How long will, this coal last us? This guestion can only
have a qualified answer. Energy experts have given estimates of
from 200 to 500 years, but any estimate depends on how the coal
1s to be used and on the rate of coal consumption. If the con-
sumotlon of coal continues at its present rate and if the coal”
is used directly in power generatlng stations, our reserveés
could last 300 years or mere. It is more likely, however, that
the rate of coal consumption will increasegand that some part of
the coal reserves will be used in gasification or liquefaction
olants, which are thémselves energy consuming. This will result
in the shortening of the lifetime of thesé reserves. Louisiana
historically has used little coal because of the abundance of wood
and natural gas. Production of lignite is beginning in northwest
Louigiara. ’

CRUDE OIL:

CRUDE OIL supplles more than half of the nation's energy ’
needs. It is the basis from which many everyday items are
produced, as well'as the actual source of heatlng Luels, gasoline,

'lubrlcatlng -0ils agd asphalts. At present, it is the foundatlon .

©f much of the worfd's economy. | o

e , .

Crude oil is found in many countries throughout the world,
but major reserves are located in the Uestern Hemisphere, Middle
East and North Africa. A major prablem arises when a country
uses more'petroleum than it produces and has ¢o import oil from
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It becomes dependent on impérts and
'subject to prjce increases or embargoes--as the United
States experi¢nced in 1973 and 1974 and since.

. . . e’

It is important to distinguish between "reserves"
and "resources." Estimated proven resgrves: idehtified
by geologicall and engineering data as recoverable in |
future vears From known reservoirs using present eco-
nomic and operating-conditions. Resources: undis-
covered deposits probably economically producible, and .
presently known supplies that are uneconomic at today's
prices. U.S./reserves will be sufficient for about 10
years (at prelsent rate of consumption) and predicted
resouries are gogpd for no more than 50 years.

. After oil is found by exploratory drilling, it is

5 * pumped from its location deep within the earth's sdr+ ‘wm
face under sedimentary layers of ‘sand and stohe. Once
the dil is pumped from the ground it is transported by
pipeline or tanker to -the refinery.- ’ -

At the refinetry the crude o0il is processed into

vatious groups of like characteristi¢s. The three :g._ /

major processes at the refinery are separation, cracking,
and treatment. For separation’, the o0il is heated to, a _~
high temperature. 0ils separate into different.vapors which
are then cogled and collected-in their liquid state. To
increase tfe yield of high quality fuels, some of the sepa-
rated compenents undergo cracking. This is a process in which
hydrocarbon molecules are broken down.at high temperatures and.
‘a pressures, often with the us® of a catalyst, into smaller
molecules. ) o

After separation and cracking, the resulting products are

often treated to,reduce undesirable odors, or to improve combustion

residues. 0il is usually treated to remove sulfur, which causes
wear in equipment and pollutes the atmosphere.. o

Through experimentation with more efficient refin@ng processes,

scientists discovéred petrochemicals., The gaseous by-products

of the refining operations have given the worlf a major industry'
and aver 3,000 different chemica;s. » Petrochemicals’are the basis
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for-products such as synthetic rubber, plastics, detergents, dry
cleaning. fluids, antifreeze, aspirin, food preservatives, insula-
tion and clothing.

Because we are 1ncrea51ng our imports of oil, the trans-
-portation of oil in ‘tankers is becoming a bigger and bigger business.
And the ships used to transport the oil are become bigger and
bigger also. The "super tankers" of today are as long as three
football fields, end to end, including end zones. Unfortunately
ships occasionally have accidents and may spill pary'or all of
their clrgo into the sea. When a super tanker has an'oil spill,
the results can.be devastating, as the accident in March of 1978
off the coast of Normandy, which spilled 120 mllllon tons of
oil.. 0il kills birds and aquatlc life and is.a redl environ-
mental threat. As oil imports rise allsover the world, oil Spllls\

. become more probable.. J

Much of Louisiana's oil comes from Louisiana but a great
. . . . . &
deal is imported for production in more than 30 refinerfies.

Our world revolves around the use of fuels refined from crude
©0il: gasoline, aviation and jet fuels, kerosine, diesel fuels, r
heavy 'oils, lubricants and greases. The shortage and misuse of-
these products has given us the energy crisis, the solution of
which begins with COnservatlon and research into alternative energy
sources. \

v o OII_- SHALE: # Lo

)

¢ [y

OIL SHALE is a reck containing a material that yields 0il
when it is crushed and heated. One ten of rdck will produce about
25 gallons of oil. Most oil shale dep051ts are éin the west. ?he
rock must be mined,:either by deep mining or surface mining. Ex-

. tracting the oil takes large amounts of water--three barrels to
every one barrel of oil processed. One of the big problems is the
disposal of the spent rock after the oil is extracted. Vegetation
widl not grow on the used shale without a moderate amount of rain--
scarcé in many parts of the West. Without vegetation .some animals S

- may lose their homes and natural food supply. Rain water passing

thrducgh this rock will possibly pick up pollutants and carry them

to larger bodies of water if thereirs no vegetation. In addition,
oil shale processing gontr&butes to air pollution if not con-
trolled . R

(
N 4 . +

NURAL GAs: . | - R

\ﬂ

* NATURAL “GAS and oil are found deep within our earth' s surface
in deposits of accumulated orqanlc materials millions of years old.
The VATURAL-GAS because it is lighter, is stored inm the dEper layers
of the porous- rock, with oidl or salt water deposits below.

g N . . 7

* At first natural gas was consjdered a. nulsance when 1its _

- presence accompanied the discovery of oil; it was allowed to burn
off. This gractlce is still going on at .many of the oil wells in

-
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the Middle East. It was soon dlscovered tggtvnatural gas is -
a very clean, efficient, and low cost fuel. Pipelines were

built to carry it, and by 1958 it surpassed coal as our number two
fuel. . o .

k4

wells and pressurized within the pipeline In which it is

transported. The gas is then moved to the gcrubbers, where it
-1s cleaned and dried before going to the pumping station. :
“Natural gas. is transported in the pipeline under 100 pounds of
pressure per square inch, necessitating the placement of pump-

.

ing stations every 200 miles. - -

Natural gas, today's most coveted fue{é is tapped from

¢
-

Louigsiana is the ledding natural gas producing state-in
the nation. Much of the .gas produced in the state goes else-
where” ‘ o - '

‘ -

~In the United States, natural gas is transported through

200,000 miles of pipeline to its many and varied customers.
- It «cooks our fopd, sheats our homes, processes many everyday
products, and generates our electricity. It .
is an invisible, odorless gas to which a
chemical $dor is added for safety"s sake,